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Analytic Geometry: The Discovery of 
Fermat and Descartes 


By Caru B. Boyer 
Brooklyn College, Brooklyn, New York 


UntTIL A century ago the discovery of 
analytic geometry was ascribed categori- 
cally to the father of modern philosophy— 


René Descartes. Proles sine matre creata, 
Chasles called it, but this famous charac- 
terization is now quoted only to be re- 
futed. The offspring is now recognized not 
only as having arrived as twins—for 
Pierre de Fermat had developed substan- 
tially the same method at about the same 
time—but also as having descended from 
a long line of legitimate antecedents. Re- 
cently attempts have been made to shift 
responsibility for the birth from the 
shoulders of Descartes and Fermat to 
those of one or more of the ancestors— 
Harriot or Cataldi or Ghetaldi or Viéte 
or Benedetti or Oresme or Apollonius or 
the two thousand year old grandfather 
Menaechmus. In the case of any one of 
these individuals arguments may be ad- 
vanced in his support. These can be based 
upon a definition of analytic geometry 
which is so framed as to include the work 
of the candidate in question and to exclude 
that of his rivals with respect to priority. 
The plausibility of the arguments is easily 
enhanced through an ingenious interpre- 
tation of the man’s statements in terms of 
later symbolisms and concepts, thus im- 
plying a specious modernity of viewpoint. 
Few branches of mathematics lean as 
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heavily upon a felicitous choice of nota- 
tions as do those two powerful tools of 
science which we call analytic geometry 
and the calculus. It is in fact precisely the 
algorithmic nature of these subjects which 
represents the secret of their effectiveness. 
In view of this, great caution must be 
exercised in superimposing modern nota- 
tions upon ancient treatises. Conventional 
symbolisms have been devised ad hoc to 
express contemporary concepts which 
have developed slowly and laboriously, 
and through repeated use such notations 
have come to be associated implicitly with 
the ideas which they are now intended to 
represent. Projection of such notations 
into antiquity leads easily to a correspond- 
ing anachronism with respect to concepts, 
as the history of analytic geometry clearly 
demonstrates. 

The query, “‘What constitutes analytic 
geometry?” has been variously answered. 
It is frequently characterized roughly as 
the combination of algebra and geometry. 
The utter inadequacy of this statement be- 
comes apparent when one recalls that the 
ancient Pythagorean solution of quadratic 
equations through the application of areas 
would fall within this description and yet 
bears no significant resemblance to our 
analytic methods. Nor is one justified in 
holding that analytic geometry consists 
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simply of the introduction of analytic 
methods of reasoning into the subject 
matter of geometry. This would result in 
applying the name to work which is far 
removed from Cartesian geometry. Plato 
is commonly regarded as having suggested 
the use of the analytic type of argument— 
of proceeding from the conclusion to the 
premise—although in a broad sense it can 
be said to have been employed much 
earlier. Plato, however, had no vision of 
the part this was to play later in Cartesian 
geometry. 

The use of coordinate systems often has 
been regarded as the feature distinguishing 
analytic methods from other approaches 
in geometry. That this is a necessary as- 
pect of the subject can scarcely be denied, 
but in no sense is it to be regarded as a 
sufficient criterion. The ancicnt Egyptians 
apparently made use of schemes of 
rectangular coordinates in their cadastral 
surveys; and Hipparchus applied such 
methods more systematically, both to the 
geography of the Mediterranean region 
and in the construction of star charts. In 
the field of geometry coordinate methods 
were certainly used by Apollonius in his 
study of the properties of conic sections, 
if indeed these may not have been em- 
ployed in this connection a century earlier 
by Menaechmus. Yet the point of view 
and the method of attack of Apollonius 
and Menaechmus were essentially differ- 
ent from those indicated by Fermat and 
Descartes. A closer examination of their 
work will reveal that the coordinate frame 
was in every case simply an auxiliary con- 
struction superimposed a posteriori on a 
given curve in order to study its properties. 
It was not used as a means a priori of 
defining the locus or of determining the 
generation of the curve. That is, Me- 
naechmus, in attempting to solve the prob- 
lem of the duplication of the cube by 
means of the continued proportion of Hip- 
pocrates (expressed in modern symbolism 


x 
ig had no conception of the 


relationships ay=z?, y2=zb and ab=zxy 
as in themselves defining certain plane loci, 
but sought rather to discover curves other- 
wise defined, the points of which should 
possess these properties. This search led 
him, as is well known, to the sections of a 
cone. The very fact that conics were 
known in Greek geometry as “‘solid loci” 
indicates that they were defined stereo- J 
metrically rather than analytically. More § 
than 600 years later Pappus spoke like- 


wise of “‘linear loci’’—i.e., curves other Pphic 
than straight lines, circles, and conics—as iy 
“being generated from more irregular sur- © 


faces and intricate movements.” They § 
were not given by equations. Once a curve 
had been thus defined, it was of course not 
difficult to discover innumerable relation- 7 
ships in terms of lines associated with the 9 
curve. Such properties when symbolically 
expressed may in a sense be regarded as 7 
equations corresponding to the curves, and & 
for this reason the origin of analytic 
geometry recently has been claimed for 
Greek antiquity. But according to this 
point of view the Babylonians possessed 
analytic geometry by 2000 B.C.! They 
were familiar with the relationship 4r 
=c?+4(r—s)*, where sis the sagitta of any 
chord of length c in a circle of radius r. 
This relationship may be regarded—al- 
though there is no evidence that the Baby- 
lonians did so—as the equation defining 
the circle in terms of the rectangular co- 
ordinates c and s. Thus interpreted, the 
Babylonians would be regarded as having 
used analytic geometry. Similarly the 
Euclidean propositions on the straight line 
and the circle can be looked upon as equa- 
tions of these curves, and the Elements 
would then be an example of analytic 
geometry. One will protest that Euclid did 
not make use of the modern algebraic sym- 
bolism which is used in equations. This is 
true, but then neither did Menaechmus 
before him nor Apollonius somewhat later. 
Moreover, they are alike in that invariably 
the equations are derived from the curve, and 
not conversely. It is true that Apollonius 
and other Greek geometers used the stere- 
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,etric origin of the conics only so far as 
as necessary to deduce a single funda- 
ental plane property (equation) for each 
rve, and that this latter result was then 
ade basic in establishing further proper- 
es, such as those of the asymptotes. 
evertheless, it is significant that they felt 
necessary to give the curves a geometri- 
il definition distinct from that of points 
.e coordinates of which satisfy a given 
juation. In fact, by “‘finding”’ a conic for 
hich a given relationship held (i.e. satis- 
‘ing a given equation) they understood 
ot plotting it by points but by determin- 
git as a section of a cone. While one may 
ifely assert that in a broad sense Me- 
Baechmus and Apollonius made use of 
nalytic methods, it is nevertheless not 
orrect to say that they understood the 
principle of analytic ge- 
")metry—that, in general, an equation in 
Miwo variables defines a plane curve in a 
iven coordinate system such that all 
airs of values satisfying the equation are 
oordinates of points on a curve; and, con- 
ersely, all points on this curve have coor- 
Hinates which satisfy the given equation. 
In part the failure of Menaechmus and 
\pollonius to appreciate this principle 
may have resulted from the weakness of 
-ontemporary algebra. It may also have 
een the consequence of a peculiar de- 
ficiency in Greek thought—the lack in 
pmathematies of the notion of a variable. 
The paradoxes of Zeno had left a profound 
impression which caused the generic ideas 
of change and variability to be relegated to 
metaphysics. Geometric magnitudes were 
pstatic and continuous; algebraic quantities 
were discrete constants. The symbols in 
the Arithmetic of Diophantus represent 
unknown numbers rather than variables 
in the sense of elementary algebra. Modern 
higher analysis may indeed be founded 
logically upon the Weierstrassian “static 
theory of the variable” which represents in 
a sense of partial return to the ancient 
. Greek view; but the considerations leading 
to the original development of analytic 
geometry (as also of the calculus) were 
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definitely phoronomic. During the later 
Scholastic period, and particularly during 
the fourteenth century, there arose at 
Paris and Oxford lively discussions on 
questions concerning rates of change, both 
uniform and non-uniform. The ideas of 
inertia and of acceleration, ubiquitously 
but erroneously ascribed today to Galileo, 
were developed at this time. In connection 
with this work Nicole Oresme made one of 
the earliest attempts to represent graphi- 
cally the manner in which one quantity 
varied with another. For example,. the 
velocity of a freely falling body, which was 
taken to be proportional to the time of fall, 
he plotted as a function of the time. Mark- 
ing off points on a horizontal straight line 
as time units, the velocity corresponding 
to any time was represented as an ordinate 
at this point, and the resulting graph was 
an oblique straight line. Oresme attempted 
to picture also certain functions which 
were “difformly difform’’ (that is, the rate 
of change was not constant), the graphs in 
these cases being necessarily curvilinear. 

In certain quarters Oresme has been 
vigorously acclaimed as the inventor of 
analytic geometry. His work undoubtedly 
represents a very definite step in this 
direction, for he may be looked upon as the 
father of systematic graphical representa- 
tion, but his view is seen to fall short of 
the conceptions of Descartes and Fermat. 
In a sense one may say that Oresme 
showed that a simple proportion can be 
represented by a straight line and that 
certain other types of variation are asso- 
ciated with characteristic diagrams. This 
may be regarded as an advance beyond the 
coordinate considerations of Apollonius in 
that the curve is here determined by the 
coordinate system and by the law of 
variation; the coordinate frame is not in- 
troduced as a device for studying a curve 
already given. Nevertheless, Oresme was 
prevented from taking full advantage of 
his novel idea by deficiencies in geometri- 
cal knowledge and algebraic technique. 
Unfortunately the mathematical interest 
of the age took the form of abortive spec- 





THE MATHEMATICS TEACHER 


GRAPHS OF ABOUT 1361 


Photostat of a page (fol. 205") of a manuscript copy (Bayerische Staatsbibliothek, Miinchen, 
cod. lat. 26889, fol. 201'-206") of the Tractatus de latitudinibus formarum. This work usually 
is ascribed to Nicole Oresme, but it is probably a student’s notes on Oresme’s longer treatise, 
Tractatus de figuratione potentiarum et mensurarum. For accounts of these see references 6, 25, 
and 27. For another facsimile of a page from the Latitude of Forms see page 276 of reference 9. 
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ations (resumed half a millenium later 
Cantor) on infinity and the continuum, 
d the Greek classics were neglected. 
onsequently there is in the work of 
resme no systematic association of alge- 
ra and geometry in which an equation in 
9 variables determines a specific curve 
nd conversely. 
The shortcomings in algebra which are 
pparent in the work of Menaechmus, 
pollonius, and Oresme were not removed 
ntil the sixteenth century. The arithme- 
ic of Diophantus (and, a fortiori, that of 
he Babylonians) had remained largely 
nknown to the Latin medieval world, but 
by the Arabs it had been translated, am- 
plified, and transmitted to Europe. Al- 
hough Leonardo of Pisa appreciated the 
bignificance of this work, it remained latent 
Bn Europe for almost three centuries be- 
ore algebra was systematically developed 
by Chuquet, Pacioli, Cardan, Stifel, and 
many others. This development happily 
Scoincided with a strong revival of interest 
in ancient geometry, including the Conics 
of Apollonius. Not unnaturally the gap be- 
tween geometric and algebraic methods 
became less pronounced than it had been 
in the works of the classical Greek period. 
Tartaglia, Cardan, and Bombelli solved 
equations geometrically and, inversely, 
algebraic methods were widely advocated 
by Benedetti, Clavius, Viéte, Stevin, 
Girard, Ghetaldi, Cataldi, Harriot, and 
Oughtred as a means of simplifying geo- 
metrical problems. Viéte realized as well 
the advantage to be gained by Plato’s 
analytic approach. Moreover, he con- 
tributed to algebra a significant point of 
view: the subject was to be looked upon 
not simply as numerical logistic but as the 
logic of magnitudes in general—logistica 
speciosa. These magnitudes he represented 
by letters, vowels for the unknown and 
consonants for those assumed known. It 
is to be remarked clearly, however, that 
these symbols denoted determinate quan- 
tities rather than variables. The geometric 
problems were reducible to equations in a 
single unknown, and the value of this un- 
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known was determined by solving this 
equation. In fact, the algebra of the time 
was predominantly concerned with the 
solution of such equations. Diophantus 
had considered equations in several un- 
knowns from the point of view of the 
theory of numbers; but these did not at- 
tract the algebraist of the sixteenth cen- 
tury, for they could not be “‘solved”’ in the 
ordinary sense. When a geometric problem 
led to an equation in two unknowns, it 
was abandoned as unsolvable. This is 
where the genius of Fermat and Descartes 
appeared. These men saw that lack of a 
unique solution did not in this case render 
the problem devoid of interest. They inter- 
preted the one unknown as a variable 
horizontal line segment (abscissa) with a 
fixed initial end-point (origin), and at the 
other extremities of this they erected per- 
pendicular line segments (ordinates) of 
lengths corresponding to the values deter- 
mined for the second unknown in terms of 
the first. The extremities of these ordi- 
nates, infinite in number, formed a curve 
which, for a given equation and coordinate 
system, was uniquely determined. As Fer- 
mat stated it (Oeuvres, I, 91; III, 85): 
“whenever in a final equation two un- 
known quantities are found, we have a 
locus, the extremity of one of these [un- 
known magnitudes] describing a 
straight or curved.” 

That the crux of the matter lies in the 
interpretation of problems leading to a 
final equation in more than one unknown 
is quite clear also from the work of Des- 
cartes: Book I deals with determinate 
problems; i.e., those which lead to “as 
many such equations as there are sup- 
posed to be unknown lines.” (Geometry, 
p. 6.) Book II, on the other hand, deals 
with plane problems on loci in which “this 
[final] condition can be expressed by a 
single equation in two unknown quanti- 
ties.’’ (Geometry, p. 34.) In suggesting the 
extension of this discovery to three di- 
mensions he adds: “If two conditions for 
the determination of the point are lacking 
fi.e., if the final equation has three un- 
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knowns], the locus of the point is a sur- 
face.’’ (Geometry, p. 80.) Fermat stated 
the principle still more sharply as follows: 
“There are certain problems which involve 
only one unknown, and which can be 
called determinate, to distinguish them 
from the problems of loci. There are cer- 
tain others which involve two unknowns 
and which can never be reduced to a single 
one: these are the problems of loci. In the 
first problems we seek a unique point, in 
the latter a curve. But if the proposed 
problem involves three unknowns, one 
has to find, to satisfy the question, not 
only a point or a curve, but an entire sur- 
face.”’ (Oeuvres, III, 161.) 

The object of this paper has not been to 
decide whether or not Descartes and Fer- 
mat invented analytic geometry. An an- 
swer to this problem depends on one’s 
definition and sense of proportion; but 
de gustibus non est disputandem. The aim 
has been the simpler one of indicating just 
what it was that these men did discover 
in this connection. Neither one of them 
invented the use of coordinates or of the 
analytic method. Neither was first in 
applying algebra to geometry or in graphi- 
cally representing variables. Moreover, it 
had long been known that, for a given 
curve, certain distance relationships are 
determined which may be interpreted as 
equations of the curve with respect to co- 
ordinate systems. However, there appears 
to have been no conception before their 
time of the converse—the fact that in 
general an arbitrary given equation involv- 
ing two unknown quantities can be re- 
garded as determining per se, with respect 
to a coordinate system, a plane curve. This 
latter recognition, together with its fabri- 
cation into a formalized algorithmic pro- 
cedure, constituted the decisive contribu- 
tion of Fermat and Descartes. This is the 
sense in which these men may be regarded 
as the founders of analytic geometry, 
much as Newton and Leibnitz are gen- 
erally regarded as the inventors of the 
calculus through precise formulation of 
the mutually inverse nature of area and 
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(1912-1913), 242-247. [Sees combination of 
algebra and geometry, but not analytic ge- 
ometry, in Ghetaldi.} 

WIELEITNER, HeErNricu, “Ueber den Funk- 
tionsbegriff und die graphische Darstellung 
bei Oresme,”’ Bibliotheca Mathematica (3), 
XIV (1914), 193-243. [Wieleitner rejects 
Oresme as the founder of analytic geometry, 
but sees a likelihood that he influenced 
Descartes. (See p. 241.)] 

3. ZEUTHEN, H. G., Geschichte der Mathematik 
im XVI und XVII. Jahrhundert (German 
ed. by Raphael Meyer, Leipzig, 1903). [A 
brief summary of the geometry of Fermat 
and Descartes is given on pp. 192—233.] 


See also the standard histories of mathemat- 
ics by Archibald, Ball, Bell, Cajori, Cantor, 
Hankel, Heath, Kaestner, Marie, Montucla, 
Smith, Wieleitner, Zeuthen; also notes in En- 
cyclopédie des sciences mathématiques. 

A further contribution by Gino Loria, ‘‘Per- 
fectionnements, évolution, métamorphoses du 
concepte de coordonnées. Contribution & I’ his- 
toire de la géomé¢trie analytique,’’ was scheduled 
for publication in volume VIII of Osiris, but the 
appearance of this volume has been held up by 
the German invasion of Belgium. 





How adequate schools, adequately equipped, and better paid teachers bring a dollar and cents re- 
turn to community, state and nation, is the theme of a new sound motion picture, ‘‘Pop Rings The 
Bell.” Production of this motion picture has been assigned to The Jam Handy Organization, Detroit, 
Mich., by its sponsors—The National School Service Institute. 

Upon completion, prints or copies in 16 mm. will be made available for showings before special 


groups. The picture 


ramatizes the new and growing needs of schools to 


rovide the kind of 


education the community and Nation must have to meet the new demands inevitable in the 


postwar world. 
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A Report of the Radio Committee of the 
National Council of Teachers of 
Mathematics’ 


By A. Brown MILLER 
West Technical High School, Cleveland, Ohio 


A LITTLE more than two years ago a com- 
mittee of the National Council of Teach- 
ers of Mathematics began a survey of the 
use of the radio and public address sys- 
tems in our public schools. One hundred 
public school systems with populations of 
50,000 or more throughout the United 
States were sent questionnaires. Signifi- 
cant replies were received from those 
listed in the report. Other school systems 
replied and indicated an interest in the 
results of the questionnaire. After receiv- 
ing the first replies they were returned to 
each school system in September 1942 to 
be rechecked. The report as now -given 
therefore represents the situation as of 
November 1942. 

It is hoped that this initial report will 
be of assistance to school systems in find- 
ing avenues of cooperation with others 
who are working along similar lines. For 
our committee it furnishes the foundation 
upon which we hope to build a program of 
research regarding the use of radio in the 
field of mathematics. The correspondence 
indicates a keen interest in this report and 
that splendid pioneering work is being 
done. Our problem is to make available 
to all the experience of each through an 
interchange of ideas. 

Our report surveyed the complete area 
of the use of the radio in order to deter- 
mine the facilities now available and in- 
stalled. These can be used in any field as 
materials become available. It is evident 


1 A number of the cities included in the above 
report have in the past year greatly improved 
their work in radio and the committee hopes to 
reevaluate the report by getting a more detailed 
account of the present situation in those cities 
soon. We would appreciate knowing particu- 
larly of the work in any system where classroom 
instruction is given by radio. 





that teachers of mathematics are makin 
all too little use of the facilities availab\ 


The immediate demand is for script 
plays, biographical recordings, historic 


recordings, model lessons, etc. Whereve 
public address systems are installed they 
could be used. The report indicates th 
school systems which have made an &. 
tempt along these lines. We are giving tly 
names of persons in these school system 
who are directly responsible for these be. 





ginnings or are interested in the creation)? 


of materials. 


The Cleveland Ohio Schools are th 
pioneers in an attempt to use the radio wf 
a means of instruction in the field if 
mathematics. One lesson a week is novp 
being given in arithmetic in all of the ele 4 
mentary schools. This work has been inf] 





progress for a number of years and is be- 
yond the experimental period and i 
rather definite form. 

This report does not include the con 
tribution to public schools by broadcasts 
from colleges and universities. In certain 
fields of instruction these are significant 

The committee has accomplished it 
purpose if it has succeeded in indicating: 

1. the scope of the use of the radio in 

the field of public education 

2. the extent to which the facilities ar 

being used in the field of mathematics 

3. the school systems where work of the 

kind that you are interested in doing 
is being attempted. 

Now we invite correspondence, i- 





este EARS 





quiries, and information that will assis! 
us in aiding all who are interested in out 
common problems of making significant 
use of the radio and the public address sys 
tem in the field of mathematics. 

The following persons are named in the 
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reports as being particularly interested or at work on committees directing radio 


activity: 


This questionnaire was sent 
compiled. 


Baltimore Md. Nannette L Roche Supervisor of Mathematics 

Birmingham Ala. Ralph Martin General Radio Committee 

Boston Mass. Joseph A Hennessay Teachers College Radio Committee 

Brooklyn N. Y. George Ross H. 8. Automotive Trades, 50 Bed- 
ford Avenue 

Chicago Ill. George Jennings Acting Director, Radio Council 

Cleveland Ohio Dr. H. E. Grime Supervisor of Mathematics 

Detroit Mich. W. W. Whittinghill Dept. of Visual and Radio Educa- 
tion, 9345 Lawton Ave. 

Flint Mich. Lowell E. Grant Radio Education Committee 

| Fort Worth Texas W. E. King Consultant of Instruction Science 
and Mathematics 

Gary Ind. R. G. Anderson 

Huntington W.Va. Dorothy B. Bragonier 

Indianapolis Ind. Robert T. Harrison Director of Radio Activities 

Long Beach Calif. W. J. Klopp Supervisor of Sec. Ed. 

Milwaukee Wis Hasel Hesley Washington H. 8. 

Nashville Tenn. L. G. Deitrich Assistant Supt. 

Pontiac Mich. Ola Hiller Charge of Radio 

Richmond Va. Mrs. F. M. Lohman Chairman Radio Committee 

Portland Ore. Lesta Hoel Supervisor of Mathematics 

Salt Lake City Utah Ernest M. Hanson Supervisor of Mathematics 

San Diego Calif. Mary Maull Coordinator of Instructional Aids 

Spokane Wash. Kate Bell Lewis & Clark H. 8. 

St. Louis Mo. C. R. Aydelott Director of instruction and cur- 
riculum 

Toledo Ohio Judson C. Siddell Board of Education 

Washington D. C. Veryl Schult Head of Mathematics Div. 1-9 


to the school systems from which this report is 


Questionnaire 


Dear Sir:— 

A committee of the National Council of 
Teachers of Mathematics is making a 
study of the use of the radio in the field of 
mathematics. A preliminary investigation 
shows that some Boards of Education and 
educational institutions own and operate 
their own stations, others use time of local 
privately owned stations, and others are 
limited to public address systems within 
buildings. Cleveland, Ohio, e.g., owns and 
Operates its own station with a full sched- 
ule each day devoted to various fields. 
Mathematics takes its place in this sched- 





ule broadcasting a lesson once a week to 
the first four grades of elementary arith- 
metic. In many places splendid pioneering 
work is being done which would be helpful 
to others if known. This committee hopes 
by this questionnaire to learn of these and 
make them known through the Council’s 
monthly publication, THe MatTHEematics 
TEACHER, now read by more than five 
thousand subscribers throughout the na- 
tion. Will you please cooperate with us by 
having this questionnaire answered and 
returned promptly? 
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1. 


Does your Board of Education or In- 
stitution own and operate a radio sta- 
tion? 
(a) How much time per day or week is 

it operated? 
(b) What subjects are taught or sup- 

plemented by use of the radio? __ 











(c) Do you have any reports descrip- 
tive of radio activities which you 
could include for our use for which 
we are willing to pay? — 





Do you use time on locally owned sta- 
tions? 





(a) How much time is used? — 


(b) What subjects are emphasized? 





(c) If mathematics is a part of this pro- 
gram would you please include in 
this reply a brief description of 
what is done. We will be glad to 
pay for any printed descriptive ma- 
terial. 

How many of your buildings are 

equipped with public address systems 

through which subject matter material 
is now, or could be, given to pupils in 
their classrooms? 

(a) In what way does your mathemat- 
ics department use this system? __ 





(b) Have you produced any plays or 
recordings for use over the system? 





(c) Please enclose a description of all 
the activities in the field of mathe- 
matics which you are using. 





THE MATHEMATICS TEACHER 


4. Is there a committee or individual j) 
your school system studying this prob. 
lem of the use of the radio or public ad. 


dress system in the field of mathemat. 


ics? If so would you please include th 
name or names so that we may co-oper. 
ate with them in this matter. 

5. Please include in this answer any com. 


‘ ; / 
piled reports or outlines which yu 


think would be helpful to us in getting 


a complete picture of this situation. | f 


know now that some schools have pre. 
pared short talks suitable for the pupik 
and general public on .mathematies 
New York City is outstanding in this 
field. Others have developed synchron- 


ized recordings and pictures dealing} 


with certain topics in the social phases 
of mathematics and historical topics 
We are interested in determining just 
what is being done in this field and 
where the Council may be helpful t 
the individual school. 

6. Would you be interested in a report of 
this committee based upon the findings 
of this questionnaire? 

Thanking you for your cooperation in 
this undertaking, I am, 
Yours truly, 
A. Brown MILLER 
Chairman of Radio Committe 
of the National Council of 
Teachers of Mathematics. 

H. E. Grime, Supervisor of Mathematics 
Cleveland, Ohio 

BEULAH SHOEsMITH, Chicago, II. 

Ropert YEATES, Baton Rouge, La. 

THEO DonNELLY, Milwaukee, Wis. 


The table which follows on page 109 is a summary of the reports which were received 
from the cities indicated. 
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Use of Radio 


in 


Public Education 


Albany 
Altanta 
Baltimore 
Berkeley 
Birmingham 
Boston 
Brooklyn 
Charleston 
Chicago 
Cincinnati 
Cleveland 
Denver 

Des Moines 
Detroit 
Duluth 

Flint 

Fort Wayne 
Fort Worth 
Gary 

Grand Rapids 
Houston 
Hartford 
Indianapolis 
Kansas City 
Kansas City 
Lincoln 
Long Beach 
Louisville 
Milwaukee 
Minneapolis 
Montgomery 
Nashville 
New Haven 
New Orleans 
New York 
Pittsburgh 
Pontiae 
Portland 
tichmond 
tockford 
tochester 


Salt Lake City 


San Diego 
Spokane 
St. Louis 
Toledo 
Tulsa 
Washington 


Ill. 
Ohio 
Ohio 
Col. 
lowa 


Mich. 


Minn. 


Mich. 
Ind. 
Texas 
Ind. 
Mich. 
Texas 
Conn. 
Ind. 
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Mo. 
Neb. 
Cal. 
Ky. 
Wis. 


Minn. | 
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Tenn. 
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Demonstration Teaching in Arithmetic by Radio 


By Marce.ita Leany Mc NERNEY 
Cleveland Public Schools, Cleveland, Ohio 


THERE are many supervisory aids 
through which the in-service training of 
teachers may be attempted. However it is 
the purpose of this paper to discuss only 
one, radio as a tool in the hands of the 
supervisor. It is not enough to formulate 
a philosophy which guides the construc- 
tion of a course-of-study or to issue a set 
of objectives which harmonizes with mod- 
ern life. Most teachers need help in inter- 
preting the course-of-study and in putting 
it into practice. Not all teachers are num- 
ber conscious. They must develop alert- 
ness in recognizing and skill in effectively 
utilizing the number situations which 
arise in the classroom. They must develop 
the ability to plan other activities which 
require the pupils to do quantitative think- 
ing or which provide the necessary drill for 
mastery of the skills. The effectiveness of 
a teacher’s work is conditioned, in no 
small degree, by the quality of supervi- 
sion. 

The Cleveland experiment in radio has 
evolved about a definite philosophy which 
has, as its core, the belief that this new 
form of communication can facilitate the 
distribution of ‘“expertness.” Charles H. 
Lake, in the foreword to ‘“‘Report of Radio™ 
Activities Station WBOE”’ states: 

We are convinced that many phases of 
school work can be improved by a reasonable 
amount of direct and indirect classroom instruc- 
tion over the radio. 

We are convinced that while radio is not a 
substitute for the teacher, it is a device which ex- 
tends to a remarkable degree the work of the 


good teacher and the influence of the supervisor 
and administrator. 


GENERAL PROBLEMS 


In planning a series of broadcasts to 
vitalize the arithmetic program and serve 
as demonstration lessons for teachers in 
the field, many problems had to be con- 
sidered. The most important of these are 
listed below: 


1. X, Y, Z ability grouping was fol- 
lowed in Cleveland. 

2. There was a great heterogeneity of 
background of the pupils. 

3. Promotion policies were largely on 
a chronological age basis. 

4. Reading was by far the main factor 
in the primary grades. 

5. There was no special supervisor of 
arithmetic until the year radio arith- 
metic was started. 

6. The curriculum of the elementary 

school was already a crowded one. 

. There was a definite trend toward 

integration among many contempo- 

rary educators. 

8. The teaching personnel consisted of 
specialists as well as non-specialists. 

9. The absence of the personality of 
the teacher had to be taken into 
consideration. 

10. There was a lack of printed mate- 

rial to guide one who planned to 
write radio lessons. 


~I 


THE PROGRAM 


In the Cleveland Public Schools all 
classification by grade levels has been 
eliminated in the primary division and 
has been replaced by levels of achieve- 
ment. The primary course of study in 
arithmetic is divided into nine levels. In 
the kindergarten and early primary levels 
provision is made for regular, although not 
formal, number work. There may be no 
definite period set apart each day for in- 
struction in arithmetic. The work is rather 
a part of real experiences in work and 
play. To the child, arithmetic should ap- 
pear incidental to the things he wants to 
do, but to the teacher, it should be a part 
of a definitely organized plan to develop 
an interest in, and an understanding of, 
the use of number which forms the founda- 
tion for the work of later levels. Children 
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DEMONSTRATION TEACHING IN ARITHMETIC BY RADIO 


are not required to memorize any number 
facts until Level IV, which is generally 
reached by the average child in the third 
semester of school beyond kindergarten. 
Although no formal drill is used to fix 
facts until that level has been reached, 
many facts are actually learned in preced- 
ing levels because of their repetition in 
activity and play. In the succeeding levels 
groups of facts are drilled upon, and, the 
processes of addition, subtraction, and 
multiplication are introduced and de- 
veloped systematically. However, through- 
out the entire nine levels much emphasis 
is placed upon meanings and insights. The 
course of study, for the upper elementary 
division is divided into twelve levels of 
attainment. Here again much stress is 
placed upon developing concepts and an 
understanding of the division process, 
fractions, ete., before formal drill and 
mastery are required. 

The series of radio lessons under discus- 
sion covered Levels V to IX of the Pri- 
mary Course of Study and Levels I and II 
of the Upper Elementary. The first broad- 
cast was put on in October, 1938, and 
these lessons were continued for four suc- 
cessive semesters at the various levels as 
shown below. Primary Level V is gener- 
ally reached by the average child in the 
fourth semester of school beyond kinder- 
garten. The levels covered in the radio se- 
ries, the number of lessons in each level, 
and the corresponding semester during 
which the normal child usually reaches 
each level follow: 





No 


of Lessons 
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week. A total of sixty-three lessons was 
given over the air during the four semes- 
ters of broadcasting. Approximately 125 
teachers and 4,500 pupils received the les- 
sons each semester. 


SPECIAL PROBLEMS OF THE RADIO 
LESSON 


The special problems of the radio lesson 
are discussed under six headings: (1) Con- 
tent and organization, (2) Script writing, 
(3) The teacher’s guide, (4) The work 
sheet, (5) The Try-out, (6) Broadcasting. 


CONTENT AND ORGANIZATION 


The Cleveland course of study had been 
revised just prior to the initial steps in the 
preparation of the radio series under dis- 
cussion. Child interests and needs, adult 
needs, best practices in other cities and 
scientific research studies, when available, 
were among the criteria used in setting up 
the objectives. Although the course of 
study was in tentative form, it was as- 
sumed that all the material listed for a 
given level was worthwhile and should be 
taught. However, as only one lesson was 
to be given each week, not all of these ob- 
jectives could be taught over the air. It 
was one of the problems of the writer to 
select and organize the material for the 
series as a whole and for each individual 
broadcast. 

The first step in this process was to 
study the objectives and choose the most 
important ones, at the same time making 
sure that there was enough variety of 


Semester in School 


- 
Beyond Kindergarten | Date 





Primary Level V 14 


Primary Level VI 8 
Primary Level VII 10 


Primary Level VIII 10 
Primary Level IX 6 


Upper Elementary Level I 8 
Upper Elementary Level II 7 





Fourth Fall 1938 


Fifth Spring 1939 


Sixth Fall 1939 


Seventh (Grade 4B) Spring 1940 











One lesson of approximately fifteen 
minutes in length was broadcast each 


topics to present a balanced program for 
the series. Then a survey was made of the 
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most recent and reputable textbooks of 
the achievement level for which the les- 
sons were to be broadcast. Although it 
was not hoped to find radio lessons in these 
books, it was considered advisable as a 
matter of background to be familiar with 
the procedures and methods of the lead- 
ing writers of arithmetic textbooks of the 
day. 
Script WRITING 


In Cleveland the manuscripts for the 
radio lessons are prepared by either the 
special supervisor in a particular subject 
matter field or a teacher who has been 
freed from classroom duties during the 
time required to produce a lesson or series 
of lessons. The arithmetic lessons were 
prepared by the author of this paper, a 
classroom teacher at Milford School, the 
arithmetic curriculum center. There are 
twelve curriculum centers in Cleveland; 
each serves as a laboratory for the devel- 
opment of superior techniques in the 
teaching of a specific subject. The average 
length of time required to complete a les- 
son was approximately 25 hours. Because 
of the necessity of experimenting with 
various techniques and methods to find 
those best adapted to radio teaching, the 
preparation of the first lessons was natu- 
rally more time-consuming than the later 
ones. 

Regardless of the success teachers have 
had in the classroom, radio teaching pre- 
sents new difficulties. ‘Script writers 
must be oriented in the land of radio—of 
teaching the unseen—of popularizing, 
simplifying, and condensing.””! Every step 
must be carefully planned and written into 
the manuscript. Every pupil reaction must 
be visualized and taken into consideration 
in planning succeeding parts of the lesson. 
A poorly stated sentence, an ambiguous 
direction, or a mistimed pause may throw 
the whole lesson off. There is no opportu- 
nity to see what is happening in the various 


1 Darrow, B. H., Radio, the Assistant Teacher 
Columbus, Ohio. R. G. Adams and Company, 
1932, p. 271. 





THE MATHEMATICS TEACHER 


classrooms and correct one’s errors. 

Standards used to guide in the writing 
of the arithmetic lessons might be sum- 
marized as follows: 


1) Introduction should be interesting but 
brief. As only about fifteen minutes is 
devoted to the whole lesson, a relatively 
short time should be spent in “‘getting 
into” the lesson proper. 

2) The vocabulary should be suited to the 
maturity and background of the listen- 
ers. 

3) Provision should be made in the radio 
lessons for the defelopment of new 
words needed by the pupils to under- 
stand the processes and their application 
to problem stiuations. 
Sentences should be neither short and 
choppy nor long and involved. 
It should always be remembered that 
simple English is the most effective. Al- 
though a prepared manuscript is read 
before the microphone, it is the hope of 
the broadcaster that he will lead his 
audience to believe that they are listen- 
ing to someone talking to them, not 
reading to them. 

6) Before the lesson is finally put on the air, 
it should be fine-combed for needless 
repetition and any unnecessary state- 
ments. 


4 


~ 


7) The introduction of too many concepts 
in one lesson should be avoided. 

8) The body of the lesson should be clea: 
interesting, and orderly in arrangement 

9) The ending of the lesson should be effec- 
tive. The writer usually closes with a 
short summary of some type. 

10) The material presented in the lesson 


should be carefully cheeked for accuracy 
and validity. 


In order to approximate as nearly as 
possible real demonstration lessons the 
radio broadcasts were planned to incor- 
porate classroom teacher activity as well 
as a great deal of pupil activity. A study 
of the scripts for the arithmetic lessons re- 
veals a lengthy list of types of pupil ac- 
tivities. Some selections from this list are: 


Answering questions 

Discussing quantitative aspects of various 
problems 

Finding days and dates on the calendar 

Counting children, coins, and other articles 

Filling in elliptical sentences 

Planning various types of parties 

Using measuring tools, such as ruler, yard- 
stick, scales, cup, pint and quart measures 

Writing on the blackboard and on individual 
work sheets 
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DEMONSTRATION TEACHING 


Telling time, making clock faces, moving 
hands on clock faces 

Keeping game scores 

Taking part in question bees 

Making change 

Taking care of money and blanks for seed 
order activity 

Analyzing concrete problems 

Reading temperatures on the thermometer 

Making graphs 

Dramatizing number facts 

Estimating size and weight 

Reading radio time schedules 

Taking tests 


Pauses ranging from 3 seconds to 120 
seconds were allowed during which pupils 
or teacher performed the activity called 
for by the broadcaster. The average num- 
ber of pauses in the lessons for Level V 
were sixty-five; the average length of 
these pauses 9 seconds. The length of each 
pause is indicated in the manuscript as 
shown in the following excerpt: 

A girl may go to the blank calendar (8 sec.). 
Show your teacher where to put the name Oc- 
tober (5 sec.). Will the teacher please print 
October (10 sec.)? Point to the two spaces for the 
year (5 sec.). Tell your teacher what to write in 
those spaces (10 sec.). Can you find the spaces 
for the names of the days (4 sec.)? Say the names 
of the days slowly and your teacher will print 
the abbreviations for them in the right boxes 

45 sec.). You may sit down (5 sec.). 


So that the eye may aid the ear in the 
reception of these lessons, visual aids have 
been brought in wherever it is feasible. 
Some of the materials used are listed be- 
low: 


Calendars 

Blackboard 

Colored chalk, crayons, and pencils 
Measuring tools and utensils 
Coins and currency 

Charts 

Clocks 

Work sheets, many illustrated 
Games 

Seales 

Seed Order Blanks 

Flash Cards 

Radio Schedules 

Record Cards 


Aside from the values derived from 
visual aids during the broadcast are the 
benefits received from the use of this ma- 
terial in the succeeding lessons taught by 
the classroom teacher. If the material is 
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there and the teacher has been instructed 
in the effective use of such, the chances 
are that it will be used again and again. 


THE TEACHER’S GUIDE 

Good supervision is a cooperative enter- 
prise. It is of paramount importance, 
therefore, that there be real team-work 
between the radio teacher and the class- 
room teacher. If the latter views the radio 
lessons as.a real help and looks forward to 
them with pleasurable anticipation, the 
children will be apt to reflect her attitude 
and derive a greater profit from them. So 
that the classroom teacher may know be- 
forehand the material presented in the 
radio lesson, printed guides to supplement 
each lesson are sent out in advance of the 
broadcast. It is most helpful to the class- 
room teacher to receive these guides at 
the beginning of the semester so that she 
may properly prepare her class for each 
broadcast and so that she may delay pre- 
senting the objectives which are to be initi- 
ated in the radio lessons. 

The teacher’s guides were organized to 

furnish the following information: 

Before the Broadcast. The teacher’s prep- 
aration of the pupils and materials 
for the radio lesson. 

During the Broadcast. The teacher’s re- 
sponsibility during the lesson. 

Types of teacher and pupil activity 
to be called for in the lesson. 

Follow-Up. (1) After the Broadcast; 
(2) During the Week 

Suggested activities. 

Optional tasks for bright classes or 
bright individuals. 

Suggestions for further use of work 
sheets for grouping of children, 
or for diagnostic purposes. 

Samples work sheets to be used dur- 
ing the week. 

References. Practice pages in the basic 
textbook and in supplementary texts 
on objectives presented in the radio 
lesson or to be presented by the class- 
room teacher during the week. 





| 
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Objectives. List of objectives presented 
during the radio lesson and to be pre- 
sented by the teacher during the 
week. 

Vocabulary. List of words introduced 
which are of a quantitative or quali- 
tative nature or which are used in 
process or problem work. 

There was an earnest effort on the 
part of the writer to make the preparation 
of material before the broadcast as little 
time consuming as possible so that the 
classroom teacher would look upon the 
lessons not as an added burden but rather 
as an aid to her teaching. In the majority 
of cases this preparation could be made in 
less than fifteen minutes, wh:le in many 
cases it consisted of merely having on each 
child’s desk a pencil and a copy of the 
work sheet for the lesson. In cases where 
charts or games had to be made or mate- 
rials had to be brought in, suggestions 
were made in the Follow-Up for a variety 
of ways in which such material could be 
used in other lessons. Lessons which re- 
quired considerably more than the usual 
amount of preparation were succeeded by 
lessons which required relatively short 
periods for preparation. 

The activities listed under the Follow- 
Up were usually suggestive, so that the 
classroom teacher could omit them if they 
did not fit the needs of her group of chil- 
dren. Many sample work sheets covering 
material not found in the textbooks were 
prepared and sent with the teacher’s 
guide. An hour or two spent by the script 
writer could save that much time for each 
of the teachers taking the broadcasts. 


THE Work SHEET 


Individual pupil work sheets designed 
to fit the script were used in the majority 
of the radio lessons. These sheets were 
planned by the script writer, mimeo- 
graphed at the Board of Education Head- 
quarters, and sent to each teacher a few 
days before the broadcast in which they 
were to be used. A copy of the pupil’s 
work sheet was attached to the teacher’s 
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guide for each lesson and these guides were 
sent out in advance of the broadcast dates, 
Many of the work sheets were illus- 
trated to develop concepts of a process or 
to make vital and interesting, situations 
concerning which children were asked to 
solve problems. Other sheets contained 
problems about activities that were very 
apt to or at least might possibly arise in 
the Cleveland Public Schools. For instance 
during the Fall Semester bulb order blanks 
for individual pupils to take home are sent 
to every school in the system. In the 
Spring Semester similar blanks for bulbs 
and seeds are sent out. A work sheet was 
designed to show how to tabulate the data 
for such an activity when an individual 
class takes charge of the orders and money 
for the entire school or a group of rooms, 
such as the primary section, the upper ele- 
mentary section, the first floor rooms, or 
the second floor rooms. Another work 
sheet was planned to present problems 
taken from the individual Height and 
Weight cards kept for every child in the 
system. The pupil’s work sheet entitled 
“Shopping for a School Breakfast’ dealt 
with an activity not so apt to be carried 
out by the mediocre teacher but one which 
might challenge the superior teacher. 


THE Try-Out 


Before a lesson was considered ready to 
be broadcast to all the schools in Cleve- 
land, it had to be given a trial broadcast. 
These so-called try-outs were carried out 
differently at the various curriculum cen- 
ters. Some were broadcast from the regu- 
lar studios of WBOE, with a small group 
of representative schools receiving the 
lessons and offering suggestions and criti- 
cisms. At other centers the lessons were 
broadcast over a public address system to 
one class only, the script writer sitting in 
the classroom to observe the children’s re- 
actions while another person read the 
manuscript outside the room. 

Neither of these methods were consid- 
ered suitable for the arithmetic lessons. In 
the first place many of the lessons, such 
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as the Halloween Party, Planning for 
Christmas, Community Fund Collection 
and Seed Order Collection, were planned 
with a seasonal background. As the trial 
broadcasts took place about two months 
ahead of time, it can readily be seen that 
these lessons were very definitely out-of- 
season at the time of the try-outs. It was 
considered inadvisable to expose a num- 
ber of schools to an artificial situation, if 


© one school could serve the purpose. In the 


second place Milford School did not have a 
public address system at the time of the 
first trial broadcasts. Although not as ideal 
in setting as the aforementioned methods, 
the arithmetic try-outs were managed 
quite well by erecting a screen in the back 
of a classroom, with the script writer read- 
ing from behind the screen. Thus she and 
her manuscript and stop watch were con- 
cealed from the eyes of the children, but 
the children could be seen very easily by 
her through the cracks in the screen. In 
this position the radio teacher could 
watch the reactions of the pupils to her 
questions and directions and could time 
the pauses necessary for pupil and teacher 
activity. 

The classroom teacher who was to help 
in the try-out was given the teacher’s 
guide sheet and no other directions. The 
children were told that they were going 
to help in trying out a lesson which was to 
be broadcast to all the elementary schools 
in Cleveland at a later date. They were 
then told to pretend that it was a certain 
time of the year, if the lesson was of a 
seasonal type, and to pretend that the 
voice they heard was coming from a radio. 

Besides the classroom teacher, pupils, 
and script writer, there were present at 
these try-outs, the special supervisor of 
mathematics, the principal of Milford 
School and two other elementary school 
principals. The supervisor and three prin- 
cipals were each given a copy of the script 
so that they could make any notations 
which they thought advisable as the lesson 
proceeded. Immediately following the trial 
“broadcast” there was a conference period 
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in which suggestions for improvement 
were offered. If many changes were made 
in the script, the lesson was retried with 
another class. However, if only minor 
changes were made, it was not thought 
necessary to do this. As might be ex- 
pected the first lessons were often tried 
two and three times but as the writer be- 
came more skilled in the handling of ma- 
terials, and the techniques and methods 
particularly adaptable to radio, retrials 
were fewer and farther apart. For the very 
first lessons small groups of children were 
called into the radio teacher’s office during 
the process of writing the manuscript and 
various questions and directions were put 
to them. This was an aid in keeping the 
lessons within the child’s interests and 
understanding. 


THE BROADCAST 


As the series of lessons under discussion 
was presented from the Cleveland Board 
of Education’s privately owned station, 
there was not the necessity of having each 
lesson conform to an exact time length. 
Most of the lessons originating from sta- 
tion WBOE were scheduled a half hour 
apart and as the average length of the 
arithmetic lessons was fifteen minutes it 
did not matter if they ‘‘ran over” a few 
minutes. The time between lessons was 
usually filled by broadcasting electrical 
transcriptions. Thus, the problem of the 
commercial broadcaster, of finishing on 
the exact fraction of a minute, was elim- 
inated. Naturally this made for a greater 
ease on the part of the radio teacher. It 
was thought inadvisable, however, to have 
the lessons deviate more than five minutes 
because of the inconvenience that might 
be caused in individual buildings where 
departmentalization called for conformity 
to a definite time schedule. Then, too, as 
most buildings had but one radio, ample 
time had to be allowed between lessons 
for one class to leave the radio room and 
another class to go in and be seated; or in 
buildings where the radio was moved, the 
time necessary to transport the set from 
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one room to another had to be taken into 
consideration. 

Although the broadcast takes only about 
fifteen minutes, the hours of work that go 
into the preparation of a script can be 
rendered almost worthless by a poor de- 
livery at the microphone. It is stated in 
the pamphlet ‘“WBOE, Radio Serves 
Education” 


The most successful broadcasters have been 
teachers of merit who are able during the broad- 
cast to visualize a classroom of pupils and to 
image their reactions.—Such a teacher must be 
able to write the scripts or should have an inti- 
mate part in their preparation. Merely hearing 
a finished script is not an adequate preparation 
for broadcasting. The qualities of personality 
and the reactions of the broadcaster need to be 
incorporated with the script for superior results. 

The so-called radio personality seems to be 
the resultant of a pleasing voice, free from ner- 
ousness and faulty breath control, with the type 
of flexibility and inflection necessary to give 
variety and keep the voice interesting to the 
listening ear, combined with a fine timing sense 
for the raction time of listeners. The good broad- 
caster is not hurried, is natural, animated, and 
has a sympathetic understanding of the listener. 


The ideal set forth in the above para- 
graphs is a hard one to attain, but a valu- 
able one for which to strive. 


Types oF ARITHMETIC ACTIVITIES BY 
RapIo 


A variety of types of activities is neces- 
sary to a well rounded program in arith- 
metic. Among the different types pre- 
sented over the radio were: 


1) Planning an Activity Which Was Later 
Carried Out 

Solving the Problems Encountered by 
Another Group in carrying Out an Activ- 
ity 

3) Problem Analysis—Word Problems 

4) Developing the Concept of a Process 

5) Developing a Step in a Process 

6) Motivation of Drill Lessons 

7) Informational Lesson 

8) Review Lesson—Question Bee 


2 


~~ 


EVALUATION OF THE RESULTS 


The contributions which the radio 
arithmetic lessons have made to the pu- 
pils and teachers should be judged in the 
light of the objectives of the program, 
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These objectives may be summed up as 


follows: 


1) to assist the teacher in putting into prac. 
tice the philosophy underlying the arith. 


metic program 

to help the teacher in interpreting and 

carrying out specific objectives of the 

course of study 

3) to vitalize instruction 

4) through the above objectives to bring 
about the improvement of teachers i 
service 


wt 


2 


Content, techniques, procedures, e- 
Vices, and organization and presentation of 
material, all were evaluated before and 
during the process of writing the script 
Each completed radio lesson was _ then 
evaluated during the trial “‘broadcast”’ by 
the Try-Out Committee. When the time 
came for putting the lessons on the air, it 
was the practice of the supervisor of 
mathematics to hear and observe as many 
lessons as possible in some school in the 
field. A variety of types of schools was 
selected for these visits so that the super- 
visor might gain his impressions from a 
representative sampling of the system as 
a whole. The reception of the lessons by 
the children and the comments of the 
teachers and principals together with the 
suggestions of the supervisor were brought 
back to the script writer. These sugges- 
tions and criticisms were clipped to the 
lessons and filed away so that they might 
be taken into consideration whenever re- 
vision of scripts and teachers’ guides for 
future broadcasting might take place. 
Wherever advisable the suggestions were 
used in perfecting other lessons still in the 
process of being written. 

In June, 1939, after two semesters of 
broadcasting, a questionnaire to secure re- 
actions toward the lessons was sent to all 
teachers who had received the broadcasts. 

The responses to this questionnaire were 
favorable enough to warrant the continua- 
tion of the radio lessons. 


PLACE OF RADIO IN SUPERVISION 


Articles on the place of radio in the 
supervision of instruction are conspicuous 
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: only by their absence. Most of the mate- 
; rial written on educational broadcasting 
) js approached from the standpoint of radio 
: as a supplementary device for the enrich- 
\ ment of instruction. 

) Radio is the speediest of all tools in the 
) dissemination of new ideas to the masses. 


It is true that these broadcasts could not 
meet the specific problems or current inter- 
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ests of each classroom with equal success. 
The topies, techniques, devices, and pro- 


» cedures were chosen and incorporated 
© into the lessons because it was thought 
© that they would benefit most teachers and 


would appeal to most children at the level 
for which the work was planned What 
© was lost in not meeting individual needs 
§ was more than compensated for by the 
B large number of persons who were reached 
) and the frequency with which they were 
© contacted. It would take a supervisor years 
; to arrange for demonstrations covering the 
© many phases of arithmetic activities in the 
“model lessons” presented over the air. 
The place of radio as a supervisory tech- 
nique must not be considered as a substitu- 
» tion for the functions of the supervising 


DEMONSTRATION TEACHING IN ARITHMETIC BY RADIO 


117 


visiting classroom teachers at work and in 
guiding individual teachers through their 
particular difficulties. 

Its major function probably will be to 
inaugurate new courses of study or major 
changes in the philosophy of the program. 
However, the need of “‘refresher’’ courses 
as part of the in-service training of teach- 
ers might well be a function of the radio 
program, probably in three-year cycle 
form. Another major purpose of the radio 
as part of the experience of children in cer- 
tain subject fields is not so clearly evident 
in the field of arithmetic; but the fact that 
teachers overwhelmingly favored the 
arithmetic lessons indicates that the chil- 
dren were securing experiences that helped 
them to better appreciate, understand, 
and perhaps to think in quantitative 
terms. 

In the fall of 1942 it was decided to re- 
vise the course-of-study in arithmetic 
once more. Many changes were made, one 
of which was to reclassify the objectives 
of the kindergarten-primary division into 
fourteen levels of achievement instead of 
nine. Radio lessons were again used to 


principal or the arithmetic supervisor in inaugurate the changes made. 





“exquisite misery of conscious weak- 
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" WueEN geometry is not studied and taught as it should be, not only shall we fail to achieve the re- 
sults at which we aim, but we may even produce results the reverse of those desired. Instead of 
interested attention, close application and accurate reasoning, we may develop carelessness, in- 
attention, mind-wandering, and finally aversion and disgust. Nothing is more wearisome to the 
& normal mind than the attempt to seize relations between data dimly perceived. The distress con- 
sequent upon being continually baffled is equalled only by the 
m ness” which is sure to follow. When geometry is not properly studied and taught it is capable of 
producing just this weariness and the consequent discouraging sense of weakness. On the other 
hand, if undertaken in the right way it develops the power of independent effort and affords the 
just consciousness of strength that is born of achievement... . 
The peculiar simplicity of the fundamental principles of geometry when rightly presented, the 
» ease with which its data may be grasped, and the certainty of its processes render it a peculiarly 
* valuable instrument for intellectual training. There are few mental images so vivid as those repre- 
'} senting geometrical concepts, and no logical processes affording greater definiteness and precision 
® than the deductive proofs of geometrical reasoning. The vividness of geometrical images is greatest 


of course in good visualizers; but even poor visualizers will find geometrical forms the most vivid 
of their reproduced visual experiences. Parallel lines, vertical angles, cone, pyramid, sphere,—the 
objects themselves could hardly be more vivid than our mental representations of them, provided, 
of course, that the real things which these images represent have been fully and accurately per- 
ceived, This full and accurate perception of concrete magnitudes, as we shall see presently, is the 
basis of all real progress in geometry.* 


” * Hanus, Paul H. Geometry in the Grammar School. D. C. Heath and Company, New York, 
93, p. 4 
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lt All Began Last Winter 


By Epna R. Cuayt 
Baltimore, Maryland 


Ir ALL began last winter when one of my 
ninth-grade boys said to me, ‘“‘Why do we 
have to study mathematics?” A firm be- 
liever in the principle that the best defen- 
sive is the offensive, I countered with an- 
other question, “Why do you study any 
subject?” He replied, ‘Well, history helps 
you understand what you read in the 
papers.” “So,” I told him, “does mathe- 
matics. Mathematical ideas are just as 
much a part of an educated person’s back- 
ground as historical ideas.’’ Well-bred 
child that he is, he didn’t express his dis- 
belief in words, but he didn’t have to. I 
have been refuting the look on his face 
ever since. 

I started collecting from the newspapers 
I read—the Baltimore Sunpapers and the 
Sunday edition of the New York Times— 
and from books, illustrations of concepts 
found in junior high school mathematics. 
The fact that the collection was purely for 
my own “amazement” and that of my 
pupils is the explanation for its random 
nature and lack of scholarly documenta- 
tion. 

Examples of squares and rectangles can 
be found in all classrooms and homes, but 
polygons are not so common. Peter W. 
Rainier, in Green Fire, an account of 
emerald mining in South America, says, 
‘All emeralds are hexagons or fragments 
of a hexagon. Why? Because the emerald 
mineral happens to crystallize only in that 
form.” In the incredibly far-off days when 
gasoline companies were urging motorists 
to drive on sight-seeing trips, Standard 
Oil Company published a pamphlet on 
Delaware. One of the sights in Delaware 
is a wooden reconstruction of a hexagonal 
stone lighthouse built in 1725 at Rehoboth 
Beach. A cartoon in the same pamphlet 
states, “In Delaware’s old octagonal 
schoolhouse, the boys occupied an outer 


circle of desks facing the wall while th: 4 


girls in an inner circle faced the teacher.’ 
A little boy in a dunce-cap is shown asking 
“What corner shall I stand in, teacher?’ 
One of the least common polygons, th 
pentagon, has been chosen for the floor 
plan of the new War Department Building 
just outside of Washington. The Pentagon 
Building is so large that it is said to in- 


clude in its equipment Saint Bernard dog: 7 
a 


which range the corridors nightly to suc- 
cor lost travelers. 

In one of the mystery stories to which | 
am periodically addicted, I found this 
statement, “The room was large and 
square, and so high as to be almost cubi- 
cal.”’ 

The following example of perpendicular 
was taken from Green Fire, mentioned 
above, “My right boot was rubbing 
against the cliff which ascended perpendi- 
cularly above me.” 

Baynard Kendrick’s blind detective, 
Captain Maclain, was able to light his own 
cigarettes because he always held them at 
the same known angle to his body. You 
can believe that or not, but you can be sure 
that a plane’s range is a radius, and the 
war maps marked off into arcs will help 
make the idea more vivid to children. A 
timely example of diameter is: ‘“Excava- 
tion trucks used by the Army with tire 
diameters of nine and one-half feet require 
about 3,500 pounds of rubber.” 

One of The Sun’s able editorial writers, 
Mark 8S. Watson, uses perimeter in this 
way: 

There has lately been reference to the 
“armored perimeter” which Japan, from the out- 
set, has been constructing around her stolen em- 
pire. Because of that empire’s watery character, 
its perimeter is made up of islands dotted with 
succession of airfields which are separated from 
each other by only 100 or 200 miles. This is easy 


fighter-plane range, so that each field is a sup 
port to its neighbors. A limited defensive ai 
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force, with air-borne troops can be shuttled at 
great speed to whatever part of that perimeter 
is threatened. 


Mr. Watson has no monopoly on this use 
of the word. Raymond Daniell, in The 
New York Times Review of the Week of 
May 30, 1943, writes this non-stop sen- 
tence: 

A vast perimeter stretching hundreds of miles 
from the White Sea across the steppes of Russia 
to the Black Sea, across the Mediterranean and 
along the Atlantic and Channel coasts around 
France and the Low Countries to Norway’s 
northernmost tip is what the Axis is trying to 
defend. 


Children sometimes feel that the metric 
system is a purely academic question. This 
quotation from an article in The Evening 
Sun of December 18, 1942, may help to 
bring it closer home. (Senator Kilgore, of 
West Virginia, was advocating greater 
standardization of army and navy equip- 
ment.) 


He pointed out that the army generally has 
adopted metric bores for its heavier weapons— 
75 millimeter, 90 mm., 105 mm., and 155 mm., 
while the navy favors even-inch calibers—3- 
inch, 5-inch, 6-inch, 8-inch and 16-inch guns. 
The bore of a 3-inch gun is a fraction of an inch 
larger than 75 mm.; so is that of a 6-inch weapon 
compared with a 155 mm. field piece. 


Even the most casual perusal of the 
newspapers will yield many examples of 
per cents in the advertisements. The news 
articles also utilize decimal per cents, such 
as “15.37% increase in March postal 
revenue noted,” and per cents greater than 
100%, as in ‘Park Board seeks approval 
of higher scale—hikes swim fees 150%,” 
and ‘Holabird spending up 5,000 per cent 
—Buys at $150,000,000 rate as compared 
with usual $3,000,000 a year.’”’ However, 
examples of the three types of percentage 
problems are more difficult to come by. In 
desperatior, I adapted from news stories 
the three following problems: 

1. In a raid on Germany 30 bombers were 
lost. This was 3% of the number of planes sent. 
How many planes were sent? 

2. 25 submarines attacked a convoy. After 
the escort ships fired depth charges they were 
positive they had destroyed 6 submarines, and 


listed 4 others as probable hits. What per cent 
were they sure of? If they destroyed the addi- 
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tional 4, what per cent of the submarine pack 
was destroyed? 

3. A commander cannot afford to lose more 
than 10% of his planes in one operation. If 300 
planes are sent on a bombing mission, what is 
the greatest number of planes that can be lost? 


Then, in one week, I found five additional 
examples. Gabriel Heatter, in one of his 
broadcasts, gave the number of planes lost 
in one operation and said that, since the 
average loss- was approximately 5% of 
the total force, we could easily calculate 
the original number of planes. In the same 
issue of The Sun—some time during the 
week of May 24, 1943—were these two 
statements: 


Ten Goucher College students, representing 
more than ten per cent of the senior class, will 
take their oaths for service in the Waves and 
Spars at a meeting to be held today. 

Mr. Blakely said last night’s scheduled de- 
livery of 3,000,000 gallons (of gasoline) is equal 
to forty per cent of a normal, pre-war day’s con- 
sumption in the city. 


The editorial page of The Sun for May 31, 
1943, yielded these two examples: 


Among the 131 cases (of meningococcus 
meningitis) treated at Sydenham Hospital dur- 
ing the first four months of 1943, only ten have 
died, a case fatality rate of about eight per cent. 

If the increases in the individual income tax 
under the new bill are considered, this country 
will be drawing $33,647,000,000 from individual 
and corporation income and excess-profits taxes 
and from taxes on employment which are forms 
of the income tax. This sum represents 87.6% of 
all Federal tax revenues for the next fiscal year. 
By contrast our excise and customs revenues 
will amount to but $4,119,000,000 or 10.6% of 
the total. 


Ratio is represented by these three clip- 
pings, all from The Sunpapers: 


The cost ratio as between air freight and the 
older methods at sea is, by Mr. Loening’s fig- 
ures, about ten to one. But the cost ratio as be- 
tween land-air express and railway express is al- 
ready only about seven to one. 

An indicated enemy loss ratio of five-to-one 
has delayed even if it has not averted whatever 
major offensive move the Japanese may be pre- 
paring against Australia or New Guinea. 

(33 RAF planes were lost in the raid on 
Wuppertal, Germany, on May 30, 1943.) 

If the usual ratio of losses to the total attack- 
ing force held true, it meant that the bomber 
fleet was approximately the same size as those 
which pulverized Dortmund and Duesseldorf 
with a record 2,000-ton blow earlier in the week. 
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In my reading, admittedly cursory, I 
have found proportion used only as a 
synonym for ratio, never according to the 
definition, ‘‘A proportion is a statement of 
equality between two ratios.” I therefore 
adapted one of the sentences in this way: 

Before our final victory in Africa, this state- 
ment appeared in a newspaper article: ‘““The pro- 
portion of Italians captured in Africa is 8 to 1 
German.”’ Would you say this is a mathemati- 


cally correct use of the word proportion? Why 
not? 


Two of the most wide-spread concepts 
are the use of X as an unknown, and the 
equation. An editorial in The New York 
Times of May 30, 1943, commenting on 
the isolation of biotin, one element of the 
Vitamin-B complex, includes this state- 
ment, ‘‘What began as an algebraic ‘X’ 
in food ends as a chemical with a formula, 
a definite compound that can be made at 
will in the laboratory.” “The human equa- 
tion” is an expression frequently encoun- 
tered, but a full statement of an equation 
is not so usual. I have this one from The 
Sun: 

In other words, we are now to have a (theo- 
retically) exact equation between materials and 


the end-products into which materials are fabri- 
cated. 


In November, 1941, I found these two 
statements, the first in the Evening Sun 
and the second in The New York Times 
Review of the Week of November 16, 1941, 
which, in my opinion, express very well 
the fundamental idea of the equation as a 
balance: 

In an interview last week Stalin said that he 
saw the production of war materials as an equa- 
tion, with the production of Germany and the 
conquered countries balanced by the production 
of Great Britain and the United States. 

The equation establishing equality between 
the air forces of Britain and Germany has too 


many unknowns to be worked out here, but its 
outline can be seen. 


Lancelot Hogben, in - Mathematics for 
the Million, at the end of his chapter on 
“How Algebra Began,” gives two number 
puzzles which ninth-grade children with a 
little guidance can explain algebraically: 
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1. Think of a number. Multiply the number 
above it by the number below it. Add 1. Give me 
the answer. The number you thought of is 
(the square root of the answer). 

2. Think of a number. Square it. Subtract 9 
Divide the answer by the number which is 3 
more than the number you first thought of 
Give the answer. What is the number thought 
of? 


A fine example of how mathematical 
theory is applied in practical situations is 
found in the following excerpt from an 
article in The Evening Sun: 


I wish to describe an interesting example o/ 
discovery by way of mathematical theory. A: 
industrial firm was required to make a scientific 
instrument necessary for the prosecution of tli 
war. Several models were known to the engineers 
in the blue-print stage, but it was not known 
whether any one of the models would be ade- 
quate or which one was the best. Considerable 
expense was incurred in building these models. 

The test was inconclusive. 

As a last resort a mathematician of note who 
was also an engineer was called in. In two weeks 
this mathematician had derived a mathematical 
theory of such models that said in effect, “Such 
and such models and only such models are pos- 
sible, and type X is the best.’’ This mathemati- 
cal solution was complete and trivial in cost 


Sometimes the illustrations are amus- 
ing. One of my children brought in this 
poem, which she had found in Poems }y 
Christopher Morley: 

(a+b)? 
Marriage is the square of a plus b. 
In other words 
a? plus b? plus 2ab 
Where 2ab (of course 
Are twins. 
In 


in a 


The New York Times Book Reviews, 
review of one of Faith Baldwin’s 
works, these sentences occurred: 

Miss Baldwin could not have been a very 
orthodox student of mathematics. For her, a 
straight line is never the shortest distancé be- 
tween two points. 

In a discussion of women in war in- 
dustry, The Sun reported this story: A 
girl who worked with a micrometer was 
explaining to a friend that the micrometer 
was accurate in very fine measurements, 
including thousandths of an inch. 

“‘Thousandths of an inch? My, that’s tiny,” 


said the second girl. ‘How many of them are 
there in an inch?” 
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> “I don’t know,” replied the first girl, “but In my experience, the illustrations given 
are ee ee ND a above add interest to mathematics les- 

My favorite, perhaps because I am an sons, whether used as motivations, sum- 
: Alice in Wonderland fan from ’way back, maries, or simply as material to “sell” 
is the Mock Turtle’s account of his educa- mathematics. I think they may help to 
Btion: convince children that mathematical ideas 


. ‘ > Ts > re Pa ack 
Reeling and Writhing, of course, to begin Fe part of an educated person s back 
y with, and then the different branches of Arith- ground. 
© metic—Ambition, Distraction, Uglification, and 
 Derision. 
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The Place of Experimentation in Plane Geometry 


By Harry SIToMER 
New Utrecht High School, Brooklyn, New York 


A souRcE of serious errors made by 
high school students in the plane geom- 
etry classroom is the confusion between 
arriving at conclusions based on observa- 
tions and those based on reasoning. A stu- 
dent will state that an angle is a right an- 
gle because it looks like that to him. Or he 
will conclude that two segments are equal 
because he estimates their lengths to be 
equal. Too often he fails to understand 
the nature of his error. He is an ardent be- 
liever in the maxim, “Seeing is believing.” 

This paper has for one of its objectives 
the exposition of a possible method for 
resolving this confusion. We believe that 
the difficulty has its roots in the philos- 
ophy of the teacher who considers reason- 
ing or rationalization as the summit and 
pinnacle of intellectual glory and looks 
with disfavor on the lowly and menial 
method of measurement and experimenta- 
tion. The author has carefully scrutinized 
this attitude and concludes that it is un- 
warranted. Such authorities as Klein and 
Veblen provide a definite place in mathe- 
matics for experimentation while pedagog- 
ically we have come to recognize a defi- 
nite value in the physics-of-space approach. 

Let us consider two arguments which 
are often presented against experimenta- 
tion in the geometry class. The first refers 
to the existence of visual illusions such as 
the following: 





a a 
if \ 
= ad 
_ b ”" b 
7 a 





The unreliability of length judgments }; 
the eye is supposed to cast this type of ex. 
perimentation into disfavor, but the stv. 
dent’s use of a ruler to arrive at the correc 
conclusion is the very means of demon. 
strating the error of the judgment. 

The second argument casts doubt on th 
ability of the ruler to judge the equality « 
two line segments even when refined with 
such aids as microscopes. The tacit ad-f 
mission that measurement reveals ine 
qualities of the smallest magnitudes is af 
argument that measurement, if sufficiently 
precise, can also measure equalities, sine] 
the definition of equality between tw 
magnitudes may be that their difference 
is less, in absolute value, than a predeter 
mined tolerance. Absolute equality is : 
doubtful concept, incapable of practica 
demonstration and hence its existence ini) 
real world (which interests our students 
cannot be established. It must 





also bx a 
recognized that small inequalities are in- J 
herent in the practical interpretations 0 
the axioms and therefore persevere in the) 
derived theorems. % 

Yet there is a definite value and place 
for teaching reasoned proofs. That value 
however, is not to replace or crowd out ; 
proofs by experimentation. To help clanly 9 
that value and place the author hw 5 
adopted this thesis: Ni 

1. Proof by reasoning and proof by ex f 
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THE PLACE OF EXPERIMENTATION IN PLANE GEOMETRY 


periment do not conflict with each 
other. They complement each other. 
The nature of one’s curiosity should 
determine which of these is to be 
used. 

2. The function of experiment (meas- 
urement or observation) is to deter- 
mine whether a given proposition is 
true or false. It consists essentially in 
creating a situation in which the 
hypothesis was made true and in 
which the conclusion is tested. Pre- 
cautions regarding special cases must 
be taken. 

3. A function of reasoning (especially in 
high schools) applies to propositions 
which we know or were told are true. 
We are concerned with seeing how 
these propositions necessarily follow 
logically from other propositions. In 
its best form it is an exercise of the 
mind which shows how a set of postu- 
lates and definitions imply the given 
proposition. In this sense we have an 
explanation of the truth of the 
proposition, a psychologically satis- 
fying experience which derives its 
satisfaction from seeing the logical 
unity, or inevitableness of the propo- 
sition from previously established 
propositions. 

A second consideration has also led to 
the pedagogical program for high school 
about to be described. Experiments and 
logical demonstrations operate on the 
same kind of materials: namely, state- 
ments of implications. These involve the 
concepts of hypotheses and conclusions, 
which are new experiences to the students. 
Making a diagram from a given state- 
ment, identifying the hypothesis and con- 
clusion are a difficult task for the begin- 
ner. Reading difficulties complicate these 
difficulties. The traditional pedagogical 
approach superimposes on these obstacles 
still another: that of formulating a proof 
Within the confines of memorized and 
meaningless (to the student) definitions 
and postulates. 

It is this conglomerate of simultaneously 
imposed difficulties which causes students 
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to memorize theorems and their proofs in 
parrot fashion and leaves the unpleasant 
impression on their formative minds that 
geometry is a mystery, understood by a 
few queer and odd creatures like teachers 
and natural wizards among the students. 

To help remedy this situation the teach- 

ers of the Mathematics Department of 
New Utrecht High School have started 
their year course in Plane Geometry with 
a three weeks’ unit in experimentation. In 
this unit the student is asked to use rulers 
and protractors to determine the truth of 
propositions. The performance of an ex- 
periment requires the following steps: 

1. Write the statement to be tested in 
the ‘‘If-then” form. 

2. Make a diagram in which the condi- 
tions of the “‘if”’ clause are made true, 
using rulers, compasses (as dividers) 
and protractors. Write a statement 
of what is given. 

3. Write a statement of what is to be 
proved. By means of measurements 
test the conclusion, which is to be 
found in the ‘“‘then”’ clause. 

The form used is the following: 








Given 
Diagram 
To prove 
Measurements 

5 
2 
etc. 

Conclusion: 


A discussion should then follow as to 
whether the diagram made was too special 
a case of the hypothesis. For instance, did 
the experiment use an equilateral triangle 
for an isosceles triangle, or a square for a 
rectangle, or an acute angle for any angle? 
A comparison of the results of all members 
of the class then determines whether a 
conclusion is reliably or tentatively true, 
or simply false. 

The place of definitions is clear in this 
program. A correct diagram for experi- 
mental purposes cannot be made unless 
definitions of terms are standardized for 
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all members of the class. To do this a dis- 
cussion of the requirements of a good 
definition and the need for undefined 
terms must be undertaken. 

The transition from experiment to 
reasoning can be made smoothly, gradu- 
ally and with a sense of accomplishment 
by choosing a situation and suppressing 
the measurement. We might choose as our 
theorem for this purpose ‘‘Vertical angles 
are equal.’”’ The experiment is normally 
made with two measurements. Students 
are now challenged to prove the proposi- 
tion with only one measurement. The 
recitation is generally made as follows: 

“Let’s measure angle a. It has 35 de- 
grees. Then angle b has 145 degrees and 
angle c has 35 degrees.” 





Questions by students elicit the idea 
that a and b form a straight angle, while 
b and c do also. The argument should then 
be repeated with varying values of angle 
a. 

A second challenge to prove the theorem 
with no measurements stimulates the stu- 
dent to participate in the reasoning proc- 
esses. The nature of a deduction, and the 
generality of a reasoned proof become ac- 
cepted concepts and they arise in a situa- 
tion familiar to the students. A discussion 
should follow immediately thereafter re- 
lating to the differences and similarities 
between measurement and _ reasoning 
proofs. The conclusions of this discussion 
are the points in the thesis stated above. 

The nature of reasoned proofs unfolds 
the need for postulates and the student is 
ready to embark on an adventure within a 
postulational system. 

We may conclude with a statement of 
the principles guiding us in the choice of 
theorems for experimental purposes. Best 
of all are those theorems which are 
brought forward by the students them- 
selves. When the teacher selects them, 
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they should provide a good scope for 
definitions and concepts which will be 
used often in the term. Congruence, sin- 
ilarity, parallelograms, types of angles and 
triangles and supplements are some of the 
terms which should be used in exper- 
ments. Where possible theorems should be 
grouped in sets which encourage reasoning 
voluntarily by the students. For instance 
the triangle angle sum theorem might pre- 
cede the experiment on the complement- 
ary acute angles of a right triangle; that 
each angle of an equilateral triangle has 6( 
degrees; etc. Finally the set of experiments 
should include some false propositions, 
such as “The median of a triangle bisects 
an angle of the triangle.’’ If one angle of a 
triangle is twice a second angle, then the 
side opposite the first angle ts twice the 
side opposite the second,” or ‘‘A diagonal 
of a parallelogram bisects a pair of oppo- 
site angles.” 

The experiment serves also to clarify the 
meaning content of a theorem. Students 
are sometimes able to give a good proof of 
a theorem and fail to apply it in a num- 
erical problem. This failure is often due to 
the lack of understanding of the meaning 
of the theorem. In such cases an exper- 
ment with the theorem will often serve to 
clarify that meaning. This may be done 
even after the first three weeks. It has 
been found useful with such theorems as 
“The altitude on the hypotenuse of a right 
triangle is the mean proportional, etc.’’ and 
‘The products of the segments of intersect- 
ing chords are equal.” 

In summary then, a program of exper'- 
mentation may serve 

1. To introduce definitions and 

cepts at the beginning of the term 

2. To form a basis for a gradual transi- 

tion to reasoning and the concept of 
a postulational system 

3. To establish the truth of a proposi- 

tion 

4. To clarify the meaning of a theorem 
To teach the complementary rela- 
tionship between experimentation 
and reasoning and the functions of 
each. 
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A Study of Weights and Measures 


By GERTRUDE CUSHING YORKE 


Boston, Massachusetts 


' For Most mathematicians the metric 
system! has a definite lure, because it is 
) completely logical and mathematically 
2 perfect. Naturally it appeals strongly to 
» them since it was the brainchild of some 
© celebrated mathematicians who during the 
© French Revolution were commissioned to 


© create a new system of weights and meas- 


© ures worthy of the new order. Unfortu- 
| nately these mathematicians knew little of 
Sand cared still less about the mundane 
world of trade and industry. They were 
. as Napoleon styled them, 
: not practical businessmen. In the early 
© eighteen hundreds the_ French failed to 
= conquer the world, but their “intellec- 
tuals” never gave up their dream of world 
domination in one field, that of weights 
and measures, and so metric propaganda 
has worked on unremittingly. 

Periodically some educators? assume 
and proclaim that if the use of metric 
weights and measures were made compul- 
sory in the United States most of the dif- 
© ficulties which children experience with 
) denominate numbers would disappear or 
at least be largely obviated. 

In 1939 the writer undertook a study of 
this problem to discover what has hap- 
pened in countries which have made the 
use of metric weights and measures com- 
pulsory by law, imposing penalties for the 
s use of customary* weights and measures. 

The following three main questions were 
studied in this investigation: 


“idéalogues”’ 


‘The forty-five (not including the franc) 
weights and measures of the original metric sys- 
tem (1792) and logical extensions of the same. 

* Worth J. Osburn, Corrective Arithmetic, 
Boston: Houghton Mifflin Company, 1929, Vol. 
II, p. 75. Lee E. Boyer, “Appreciations in Arith- 
® metic,” Educational Method, XXI (January, 
B 1942), p. 200. 

* Those weights and measures which through 
the centuries have survived on the basis of usage 
rather than fiat, 


1. What customary weights and meas- 
ures are used in trade and industry in 
the countries studied in continental 
Europe and South America, where 
the use of metric units is compul- 
sory? 

. To what extent, in general, are cus- 
tomary weights and measures used in 
these countries? 

What further effects does the com- 
pulsory use of metric weights and 
measures have in these countries? 

Inevitably certain other highly contro- 
versial questions arose in an investigation 
of this nature. The writer studied the most 
important of these carefully and formu- 
lated opinions in regard to them, but 
makes no attempt to present authoritative 
answers. The following questions, how- 
ever, will be discussed: 

4. Why do customary weights 

measures continue to be used in the 
countries investigated in disregard of 
the laws and in spite of severe penal- 
ties? 
Does the metric substitute plan op- 
erate as a system, with most of the 
well-advertised benefits such as econ- 
omy in calculations and ease of 
learning? 

6. What modifications or adaptations of 
metric units occur? 

The investigation consisted of three 
parts. Part I was preliminary background 
research, including the history of weights 
and measures and a survey of the litera- 
ture in the field of the problem. Part II 
was a study of previous investigations per- 
tinent to the problem, including tabula- 
tion, analysis, and interpretation of the 
data of Halsey’s‘ questionnaire study in 


and 


‘ Frederick A. Halsey, The Metric Fallacy, 
New York: The America Institute of Weights 
and Measures, 1919. Halsey received 52 ques- 
tionnaire replies from these three countries. 
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Brazil, Argentina and Uruguay, and Ken- 
nelly’s® field study in continental Europe. 
Part III was an original field study done 
by the writer in four South American 
countries; Brazil, Argentina, Uruguay and 
Paraguay. 

The data was carefully tabulated on 
large master-sheets (18 by 24 inches), each 
of which carried one of four headings: 
Weight, Length, Capacity or Surface. 
These sheets were ruled vertically, so that 
they had six columns headed as follows: 
Date, Place, State, Country, Metric, Cus- 
tomary. From these tabulations it was 
possible to compare the findings numeri- 
cally, and thus to figure the metric and 
customary usage on a percentage basis. 

A thorough study of metrology showed 
that while weights and measures always 
are in a state of change, those which have 
become especially adapted, whether they 
are customary or metric, do tend to sur- 
vive through the centuries. 

The conclusions which the writer drew 
from the field study data may be sum- 
marized as follows. The usage of custom- 
ary weights and measures was approxi- 
mately 35% of the total usage. The find- 
ings further indicated that, in general, the 
use of metric units in the interior is dis- 
regarded to a considerable extent; and 
evaded, when it is not possible to disregard 
it, in the cities where government inspec- 
tion is stricter and the compulsory laws are 
more rigidly enforced by means of sub- 
stantial fines or imprisonment, or both. It 
was found, also, that for the measurement 
of land, lumber, and fuel-wood custom- 
ary weights and measures are used fre- 
quently. Likewise, for machinery and 
tools, most of which are imported from the 
United States and England, the findings 
showed that customary units are used ex- 
tensively, as they are, too, for other im- 
ports and exports. For river and sea navi- 
gation it was found that customary units 


5 Arthur E. Kennelly, Vestiges of Pre-Metric 
Weights and Measures Persisting in Metric- 
System Europe 1926-1927, New York: The Mac- 
millan Company, 1928. 
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are in use exclusively, as they are, als 
for measuring time. In the measurement 6 


temperature both the Fahrenheit and cen. 


tigrade scales are used. It was found, too 
that children in the schools in three of the 
countries investigated must know cus. 
tomary as well as metric units, due to the 
mixed system of weights and measures in 
use. A comparison of the writer’s findings 
in regard to the three questions studied in 
this investigation, with the data of Halse 
and Kennelly show that, in general, th 
data of these other two investigators sub- 
stantiate the writer’s conclusions, thus 
strongly supporting the assumption that 
these conclusions are valid. 

A summary of the general conclusions 
arrived at by the writer as a result of this 
investigation are: 

1. The customary weights and measures 


used in trade and industry in the 


countries studied in 


Europe and South America, wher § 


the use of metric units is compulsory 
are those which are most convenient 
and so have become a part of th 
people’s thinking such as: the inch 
the pound, and the foot. Next to 


these three in frequency of use in 


South America are the arroba (25.35 
pounds)® and the palmo (8.66 inches 
2. The extent, in general, to which cus 
tomary weights and measures ar 
used in the countries studied is indi- 
cated by the results of the following 
investigations. See Table 1. 
That is, three different investigator 
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found in South America and in continental § 
‘ = 
Europe customary weights and measure § 


totaling approximately 44%, 35%, and F 
28% respectively, as per the following 
table. Obviously, this is not inconsequet- 7 
tial because the use of metric units ¥| 


compulsory in all of the countries studied. J 
3. The compulsory use of metric weights J 


and measures has had the following 
effects in the countries studied: 


a. It has created a mixed system. j 


* Spanish. 
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: TABLE 1 

14 Comparison of the Data of Three Different Investigators in South America and Continental Europe, 
r Showing the Extent of Customary and Metric Usage in Countries where the Use of Metric Weights 

z and Measures is Compulsory 








Place 


Per Cent 


of Metric 


| Per Cent 
| of Customary 





Halsey 
Yorke 
Kennelly 


South America 
South America 


Continental Europe 


56 
65 
72 





The metric units never have been 
used exclusively, even in France, 
where the customary tonneau de 
jauge (100 cubic feet) has been 
officially adopted,’ together with 
customary units of time, angles 
and navigation, as well as many 
modified units, such as the demi- 
kilogramme and the double-mé- 
tre, which are permitted to meet 
the requirements of the law and 
yet allow the people to think in 
customary units. 

It has caused confusion in think- 

ing. 

It has caused much useless labor 

in calculating and making conver- 

sions. 

It has caused disregard and eva- 

sion of the laws. 

It has caused a great amount of 

social and private cost to: 

1) The governments, for inspec- 
tors and enforcement; 

2) Business, industry, trade and 
commerce, for calculating 
conversions, and for machin- 
ery equipped with both cus- 
tomary and metric gages and 
devices. 

Due to the mixed system it has 
made learning in the field of 
weights and measures more diffi- 
cult for children in the schools, 
necessitating the learning of con- 
versions as well as many addi- 
tional units. 


Obviously, questions four, five and six 
are not within the scope of this study, and 
the writer makes no attempt to answer 
them authoritatively, but, because they 
do arise naturally in a study of this kind, 
the opinions which the writer has formu- 
lated will be presented. In regard to the 
fourth question, it is the opinion of the 
writer that customary weights and meas- 
ures continue to be used in disregard of 
the laws and in spite of severe penalties in 
the countries investigated as a result, in 
general, of three factors. First, the great 
majority of the people prefer them be- 
‘ause they are more convenient than met- 
ric units. This is due to the fact that cus- 
tomary weights and measures have devel- 
oped through the process of natural selec- 
tion, and thus there is a practical relation- 
ship between the units. Furthermore, they 
are more adaptable to the needs of every- 
day life and to ordinary industrial and 
business requirements because they may 
be multiplied and divided not only deci- 
mally, but binarily and duodecimally. 
Second, it is impossible to enforce the ex- 
clusive use of metric weights and measures 
because the use of customary units by the 
people is an ingrained habit of thinking 
and speaking. Fines arid imprisonment, be- 
sides the confiscation of customary 
weights, measures and weighing devices 
have not succeeded in enforcing com- 
pletely the compulsory metric laws. Third, 
customary units have been used in the de- 
velopment of many industries, and are 
used to a great extent in manufacturing, in 
international trade and in commerce, as 
well as universally in navigation and sea 


’ Kennelly, op. cit., p. 53. 
*Demi-kilogramme (livre or 
double-métre (toise or fathom). 


measurements, and exclusively for time. 


pound), i 
Therefore the customary units have con- 
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veniences and values not easily laid aside. 

The fifth question, dealing with the 
metric substitute plan, in the writer’s 
opinion should be answered emphatically 
in the negative. First, the metric scheme 
does not operate anywhere as a system. 
The units most commonly used are those 
which approximate customary ones such 
as: the kilogram, the 4 kilo (4, }); the 
meter (4, 3, 3, rs, 3); the centimeter; the 
ton; the liter; and the kilometer. The cubic 
centimeter and gram are useful in the 
chemical laboratory, but they are not 
convenient for ordinary purposes. The re- 
sult is, that only a few isolated metric 
units,® which are halved and quartered as 
are customary ones, are actually used, 
supplemented by convenient customary 
weights and measures, some of which 
have been legalized in metric values. Fur- 
thermore, the metric substitute plan does 
not make for economy in calculations be- 
cause, inasmuch as the use of customary 
units continues, making conversions neces- 
sary, there results an increase in calcula- 
tions (to the extent of conversions) rather 
than a decrease. Learning, too, in the field 
of weights and measures becomes more 
complicated and difficult because, when a 
mixed system is in use, not only must the 
metric units be understood and learned, 
but the customary ones which are com- 
monly used must be learned, together with 
the necessary conversions. 

Modifications or adaptations of metric 
units, referring to question six, have been 
made by using binary fractions such as: 
3, 3, $} by using double units and other 
multiples such as 5 liters; and by adding 
customary weights and measures, legal- 
ized in metric values. 

One important implication of this inves- 
tigation bears upon the educational ques- 
tion of teaching the metric system in the 
schools of the United States. The evidence 


* Kilogram (2.20 pounds), Meter (1.09 
yard), Centimeter (0.39 inch), Ton (2204.6 
pounds), Liter (0.91 dry quart or 1.06 liquid 
quart), Kilometer (0.62 mile), Cubic centimeter 
(0.06 cubic inch), Gram (0.035 ounce). 
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beyond any doubt makes clear that ; 
should not be taught as a basic system 
which will ultimately replace our presen fy 
one, because: 

1. The metric system as such exists only 





on paper. Actually in use there are i 
few isolated units, together with therf 
halves and quarters. 





2. The twenty-eight metric weights anf 
measures which were legalized in thef 
United States in 1866, are use) Sar 
scarcely at all except in laboraton fy “I 
work, where the gram and cubic cen-fithat. 
timeter are convenient. For such spe Biace.” 
cialized work these particular units : Sai 
should be taught when needed. Pstupic 

3. The advantages claimed for metn Pisce it, 
weights and measures are pure aci-[ Ho 
demic theory. In practice they have [matic 
more disadvantages than advan- s stand 
tages. 4 girls, 

4. Just as a nation’s language cannot be fMthis ¢ 
taken away and replaced over-night i Fo 
so its weights and measures cannot fi bring 
be either. = numl 

Another implication bears upon the fi eclass 

question of whether or not metric usag fj Men 
should be made compulsory, enforced by §§ posit 
penalties, in the United States. Again this : in sh 
study gives conclusive evidence that such FM alget 
compulsory legislation would be a great JM their 
mistake because: are 

1. The use of twenty-eight metric BR told 
weights and measures has been per BM latec 
missive for the past seventy-five years, B§ yout 
and yet they have made no headway § stron 
on merit, except in laboratory work. §% whic 

2. The uniformity of the English system [ij and 
would be lost, and a mixed systemfj A 
would result, causing confusion and Bi teac 
useless expense, such as have beet fi prof 
experienced in Europe and South 4 and 
America. Furthermore, because the 9 alge 
United States is a highly industrial Bj crui 
ized country, the confusion and ex Bi may 
pense of a forced change to metric J real 
units would be much greater than of « 
in South America, which was little 9 mec 
developed industrially when the §® ‘th 
change was attempted there in 1862 \ 
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The Present Crisis in the Teaching of Mathematics 


By Laura E. CuristMan 
Senn High School, Chicago, Illinois 


Salp THE geometry teacher to the boy— 
“T can’t understand why you don’t see 
that. It’s as plain as the nose on your 
Biface.” 
| Said the boy (who was after all not very 
Hstupid about space relations)—‘Sure you 
Bsee it, but I don’t.” 

How can we, the new and old mathe- 

matics teachers of the moment, under- 
stand why the pupils before us, boys and 
igirls, grown-ups and children, ‘don’t see 
Sthis or that.” 
» For the war effort, in all its phases, is 
pbringing a tremendous increase in the 
number of mathematics pupils in private 
classes and public schools of our nation. 
Men and women who want to advance into 
positions of authority and reasponsibility 
in shops and factories are told to master 
algebra and geometry or to “brush up on 
their mathematics.”” Young people who 
are interested in aviation and radio are 
told to understand the mathematics re- 
lated to their special interests. Adults, 
young people and children are feeling a 
strong wind of emphasis on that science 
which is at once the queen of the sciences 
and the hand-maiden of the sciences. 

As a result many hitherto untrained 
teachers are being forced into the teaching 
profession for high school mathematics 
and “refresher courses” for arithmetic, 
algebra, and geometry. These new re- 
cruits to our mathematics teaching ranks 
may share with us the opportunity of 
really starting, in thousands of open minds 
of our nation, the finest values both im- 
mediate and cultural of this training in 
“the science of necessary conclusions.” 

What golden rules of mathematical 


pedogogy shall we older teachers of the 
country repeat for our own continued 
guidance and for the help of new teachers 
coming into our departments at such a 
time? 

With something of this in mind, I 
handled some of my favorite books in the 
Dummer library. (The Dummer library 
has been organized by Mrs. William F. 
Dummer and placed at the disposal of 
Chicago teachers for the last twelve 
years.) Through the books on its shelves I 
have learned to know something of great 
mathematics teaching of earlier genera- 
tions for “all the children of all the peo- 
ple.” 

I wanted to find out what we, the old 
and new mathematics teachers of this 
present day and generation, could best 
keep in mind under the whirlwind cireum- 
stances which surround us, in this time of 
dangerous opportunity. 

First of all I turned to a little paper- 
covered reprint of Speer’s Arithmetics. 
W. W. Speer was at one time teacher of 
mathematics in the Cook County Normal 
School. 

On page one I read: 

The products of the senses, especially those 
of sight, hearing, and touch, form the basis of 
all-the higher thought processes. Hence the im- 
portance of developing accurate sense concepts. 
... The purpose of objective thinking is to en- 


able the mind to think without the help of 
objects.—Thomas M. Balliet. 


So thinking begins with accurate sense 
concepts. Then mathematical thinking 
must begin with mathematical sense con- 
cepts which themselves come from ex- 
periences in number and form. 
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As I turned the pages of Mr. Speers’ 
books I saw these experiences, arithmetical 
and geometrical, well planned and de- 
veloped to help the pupil gain accurate 
sense concepts. And I realized that in 
many cases even in our more advanced 
teaching, refresher courses based on imper- 
fect mathematical preparation will call 
for “refresher” experiences in number and 
in form devised sometimes on the spur of 
the moment, but carrying conviction to 
our pupils’ minds and faith in the ulti- 
mate reasonableness of what we teach. For 
mathematics, while an abstract science, is 
a science abstracted from many experi- 
ences for over 3000 years. Here in our war 
efforts we have at one and the same time 
many such experiences taking place. But 
in addition to reporting these experiences, 
how can our mathematics pupils be taught 
to use their new work experiences to illu- 
minate their understanding of mathematics 
as well as to use their mathematics to im- 
prove their work? 

I turned next to the writings of Mary 
Everest Boole, that great mathematics 
teacher who spent most of her life “trying 
to teach mathematics to duffers.’”’ In her 
“Preparation of the Child for Science’”’ the 
first chapter deals with “The Scientific 
Mind.” Beyond the emphasis which Mr. 
Speer rightly places on accurately ob- 
served and recorded experiences, Mrs. 
Boole tells us of the process of introduc- 
ing a concept or idea into a child’s mind 
and the similar process of developing 
mathematical induction in our pupils’ 
minds. 

She says on page 87: 

Between the process of introducing a con- 
cept or idea into a child’s mind and its bringing 
forth as an intelligible entity which the con- 
scious intellect is to handle and reason about 
there should intervene a period of gestation, 
during which the idea is left dormant and pas- 
sive in the child’s mind; any attempt at prema- 
ture interference is likely to result in abortion. 
We are not here reasoning by analogy; we have 
independent experience of the need of intellec- 
tual gestation. I am using physical gestation 
merely as the readiest way to convey a clear no- 


tion what is the doctrine of medical psychology 
on this subject. 


THE MATHEMATICS TEACHER 


In another place she speaks of thay 


eternal truth of mental pulsation, fronf 
experience to abstraction and back agai 


to experience. 


She emphasizes repeatedly the idea of 
time lapse between the introduction of 
concept and its development, the presenf) 
tation of an experience and its emergene § 
as a conviction of mathematical certainty 
Then almost immediately she plunges wh 
into Chapter II, “The Preparation of thi 
Unconscious Mind,” and on pages 65 ani 


66 says: 


Of arithmetic and algebra I shall say litt : 


here, as they are treated in another chapter 


Only one point I will lay stress on. Many a lif 
of intellectual muddle and intellectual dishon- 
esty begins at the point where some teacher eri 


plains the rule for Greatest Common Measur 
to a child who has not had the proper basis 
sub-conscious knowledge laid in actual exper: 
ences. Therefore, if you value your child’s futur 
clearness in science, trust no teacher to tell hin 


anything about G. C. M. or L. C. M. till youB 
have ascertained that he is able to find, easily § 


and accurately, by means of compasses, the 
longest length that will repeat exactly into each 
of two unequal given lengths, and the shortest 
length into which each of two given unequal 
lengths, will fit. 


But all of this involves a wise reaction 


by teachers of little experience. How can 
we know most quickly either that our pu: e 
pils have not enough experience of fon 
and number or that we have not brought 


it out well? 


If we give a test and the median is be Ff 
low our expectations we have either def 
manded too much of ourselves and a clas 
with the preparation ours has or we have § 


not wisely adjusted our teaching pr0- 
cedures to the vagueness of our pupils 
earlier impressions of form and number, t 


their need for further mathematical e- F 
periences, and their further need for time 


to recall and abstract these experiences. 


But can you get anywhere in the ref 


quirements of a particular course or jo) 


on the basis of individual experience § 


alone? “No,” says Mary Everest Boole 


with clear emphasis. ‘Science does n0! Fj 


claim that pupils shall be told nothing, but 
shall find out everything for themselves 


whicl 
sons | 





THE ART OF TEACHING 


‘hat science really does claim in this 
atter is that a clear line of demarcation 
hall be preserved between what the indi- 
Nvidual has observed and what he has 
earned at second hand. The claim that 
‘children shall find out everything and be 


‘SeMtold nothing is palpably absurd.” 


However she distinguishes further be- 
ween scientific development and mathe- 
‘matical development when she writes: 


The general (mathematical) truth is seen in 


iPethe particular instance, and it is not confirmed 


by the repetition of instances; ... the percep- 

tion of such general truths is not derived from 
dan induction from many instances, but is in- 
volved in the clear apprehension of a single in- 
stance. 

One singular characteristic of mathematics is 
the automatic power of self-correction which the 
mind possesses in relation to it. No such thing 
is possible as the existence of either a persistent 
or a widely spread error, or a serious difference 
of opinion, as to the result of a calculation. And 
this is not due to any special immunity from 
error which we have in connection with the 

Hsubjects called mathematical. Every schoolboy 
knows that it is as possible to make a mistake 
inasum as in any other exercise; and the great- 
est mathematicians occasionally make mistakes 
Sin calculations. But there seems to be some 
mysterious court of arbitration within man 
which detects mathematical error. Any two per- 
sons who have come to different conclusions as 
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to the result of a calculation can find out which 
of them was mistaken, without appealing to ex- 
ternal authority. Nor need they examine any 
outer facts; they need look at nothing outside 
of themselves except the slates or papers which 
contain the register of their own successive men- 
tal acts. They judge between themselves, and 
judge infallibly. 

And so from these two wise teachers, 
W. W. Speer of Cook County Normal 
School and Mary Everest Boole of Eng- 
land and Ireland, I gleaned these three im- 
portant axioms of pedagogical truth for 
mathematics teachers, new and old. 

1. Give them mathematical experiences 
if you can’t build on experiences they’ve 
already had. 

2. Require an understanding of new 
concepts and abstractions from new ex- 
periences in new fields at a proper time 
interval after the experience has taken 
place. 

3. When forced by lack of time to dic- 
tate minimum essentials on authority 
rather than to develop them by experience, 
teach the pupil as young as possible to dis- 
criminate between first-hand experience 
of his own and second-hand experience 
even of his teachers and his parents. 





Matuematics then has had four great ages: the Babylonian, the Greek, the Newtonian 
(to give the period around 1700 a name), and the recent, beginning about 1800 and con- 
tinuing to the present day. Competent judges have called the last the Golden Age of 


Mathematics. 


Today mathematical invention (discovery, if you prefer) is going forward more vigor- 
ously than ever. The only thing, apparently, that can stop its progress is a general 
collapse of what we have been pleased to call civilization. If that comes, mathematics 
} May go underground for centuries, as it did after the decline of Babylon; but if history 
repeats itself, as it is said to do, we may count on the spring bursting forth again, 
fresher and clearer than ever, long after we and all our stupidities shall have been 


forgotten.* 


* From Bell’s Men of Mathematics, page 18. 
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Dr. John A. Swenson — Mathematician and Educator 


News HAS come to us that Dr. John A. 
Swenson has retired from active teaching 
and that he will devote the leisure he has 
| so well earned to the further development 
of the creative mathematical pedagogy 
for which he has been noted. The National 
Council takes this occasion to congratu- 
late Dr. Swenson on a long, successful 
career and one which has given to mathe- 
matical education an endowment of origi- 
nal ideas for the future. 

We asked Dr. Edna E. Kramer of the 
Thomas Jefferson High School in Brook- 
lyn, long associated with Dr. Swenson, to 
gather some facts about his life that would 
be of interest to our readers, many of 
whom are either former students or old 
friends of Dr. Swenson. We are indebted to 
her for the following tribute: 

A few biographical details concerning this 
master teacher will indicate the influences 
which shaped his point of view. In the closing 
days of the era which knew Riemann, Weier- 
strass, Poincare and Felix Klein, a dreamy-eyed, 
tow-headed boy helped his brothers farm the 
land in southern Sweden. Dr. Swenson’s birth- 
place was Sédra Wram, in the province of 
Skane, separated by the narrow expanse of the 
Sound from Elsinore, where Shakespeare lo- 
cated his immortal symbol of reasoning, intro- 
spective youth. 

Young John’s mother early recognized his 
talents and he was sent to the technical high 
school in Malm6. Scandinavian progressiveness 
was felt in the schools of the day, and in the 
mathematical curriculum, texts and methods, 
the youthful scholar found the germ of “‘in- 
tegrated mathematics.” 

Then, as now, the United States represented 
the land of opportunity and thus, instead of 
completing his education in his native land, 
John, at the age of 17, made his way to these 
shores. There followed a difficult financial 
struggle for the boy. In Viking tradition, he 
found work on ships. No task was too humble. 
The odd jobs he took were often fraught with 
adventure. Once he ground the mill for an 


“Alchemist” whose particular claim was to turn 
salt into gold. Again, it is amusing to hear him 
relate the experiences of the summer spent as 
the substitute for a Lutheran minister. 

Soon, however, he found his place as a stu- 
dent at Columbia University, where he was 
given a number of special scholarships. He 
sailed, at lightning speed, through the courses 
for bachelor’s and master’s degrees. His ability 
as a mathematician was at once apparent and 
he was appointed an assistant in mathematics 
and astronomy. He continued his study of 
higher mathematics, astronomy and mechanics 
and completed the requirements for the Ph.D. 

At this point he suppressed the normal in- 
stinct of the scientist to devote himself to pure 
discovery and decided to pursue instead the 
more difficult, less glorious task of secondary 
education. His first experience in high school 
instruction was at the Boys’ High School in 
Brooklyn, where the best of the academic 
mathematical pedagogy of the day was prac- 
ticed. In 1914 he left this school to become the 
chairman of the Mathematics Department of 
Wadleigh High School, New York City. This 
was a girls’ school, and perhaps the sudden 
contrast in the interests of the new pupils, 
as compared with those at Boys’ High, caused 
Dr. Swenson to stress the rigors of mathematics 
less and its beauties more. Whatever the facts, 
it was at Wadleigh High School, in 1920, that 
he launched the experiments which finally cul- 
minated in the Integrated Mathematics Series. 
The report of the National Committee on Math- 
ematical Requirements was the basis of the 
early phase of Dr. Swenson’s work found in his 
“High School Mathematics,’”’ published by the 
Macmillan Company. 

As a result of continued experiment, he 
modified and changed these first techniques to a 
radical extent, and in his ‘second period,” 
Edwards Brothers published his ‘Integrated 
Mathematies, Books I, II, III, V.’’ Research on 
the educational implications of this work 
earned him the doctor’s degree at Teachers Col- 
lege, Columbia University. He was appointed 
an ‘Associate in Mathematics’ at Teachers 
College and held this position for many years. 

More recently he has progressed still further 
in experiments conducted by him as chairman 
of the mathematics Department of Andrew 
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Jackson High School, Queens, New York City, that he has been a Shakespeare of mathematic, 
and we may now anticipate publication of Book literature, a Michelangelo of mathematical ar 
IV and a revision of the rest of the series. As in the case of these classic greats, it muy 


, : be impossible for contemporaries to appraise t| 
During these years of professional yl] magnitude of the master’s work. Neve. 


achievement, Mrs. Swenson, a son, and theless, we must adinit that even in a bri 
two daughters, and now four very young score of years, Dr. Swenson’s teachings a; 
grandsons, have made his personal life a Witings have brought about tremendo 

changes for the better in the content, method 
most happy one. 








i te el 
: ; : and spirit of mathematical education in man “> 
We all know the axioms on which John  gchools. We may expect those ideas which hav (Qctot 
A. Swenson has built his work. Some of taken such firm root in our day to flourish a Prelit 
them are: to influence our thinking throughout the year mit 
re to come. Me 
Teach the elements of all mathematics, includ- 1. 
: “she : . - ai ‘ , n 
ing . higher — at the aon — . here is no doubt that when the histor 9 | 
nlegrate a arts of mathematics thoroughly : : : : as 
oe f 9 — of mathematical education in this genera. \ 
—no water-tight compartments. 3 ‘ ; ; : e.:* 
Emphasize the modern in mathematics, de- tion is written Dr. Swenson’s name wil ql 
emphasize the traditional. have a large place. No greater devotior 4. : 
Use analytical methods rather than synthetic. to the cause of mathematics has ever beer ; 
ae pongisng 0 A Per pe on among our contemporaries. This is 
integral caiculus to every high school pupil ca; able . : . . ¢ 
° ie — — tiibute to the highest quality to which we—e Pe 
of understanding it. : ‘ i) 
As for the conclusions which he has drawn ay all aspire. 
from these axioms, it must seem to his disciples W. D. R. 2. | 
3. 
4. 
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The Association of Mathematics Teachers of 
New Jersey held its 78th regular meeting in the 
Roof Garden of the Hotel Pennsylvania in New 
York City on Friday, November 12, 1943. 


PROGRAM 


“Understanding Our World Through 
Mathematics”’ 


10:30 Business Meeting 

10:45 Understanding Our World Through the 
Mathematics of Geography and Map- 
ping, Mildred A. Fink, Roosevelt 
Junior High School, Westfield, N. J. 

11:10 Understanding Our World Through the 
Practical Mathematics of the Senior 
High School, Ferdinand Kertes, Head 
of the Department of Mathematics, 
Perth Amboy High School, Perth Am- 


boy, N. J. 
11:35-12:00 New Horizons, Dr. E. H. C. 
Hildebrandt, Northwestern Univer- 


sity, formerly State Teachers College, 
Montclair, N. J. 

12:30 Luncheon 

1:45 Importance of Mathematical Studies in 
the Naval College Training Program, 
V-12, Dr. J. W. Barker, Dean, School 
of Engineering, Columbia University, 
NewS Special Assistant to the Secretary 
of the Navy 

2:30 The Army’s Minimum Needs in Arith- 
metic, Dr. W. A. Brownell, Professor of 
Mathematics, Duke University, New 
Consultant in the War Department 


ASSOCIATION OFFICERS 


President—Dr. David R. Davis, State Teachers 
College, Montclair, N. J. 

Vice-Presidents—J. Dwight Daugherty, East- 
side High School, Paterson, N. J.; Madeline 
Messner, - incoln Junior High School, Roselle, 
N..d.2 Fred L. Bedford, State Teachers 
College, j oe City, N. J. 

Secretary-Treasurer— Mary C. Rogers, Roose- 
velt Junior High School, Westfield, N. J. 

Corresponding Secretary—Dorothy DeWitt, 
Regional High School, Springfield, N. J. 

Recording Secretary— Mollie R. Bruce, Prince- 
ton High School, Princeton, N. J. 


COMMITTEES 


Committee on Arrangements— Mary C. Rogers, 
J. Dwight Daugherty, Florence Wilson 
Borgeson. 

Committee on Morning Program—J. Dwight 
Daugherty, Madeline Messner, Dr. Fred L. 
Bedford. 

Committee on Afternoon Program—Professor 
Virgil S. Mallory, Professor Carl N. Shuster. 

Committee on Membership—Mary C. Rogers, 
Dorothy DeWitt, Madeline Messner, Dor- 
othy Frapwell, Florence Gorgens. 

Committee on Bulletin—Dr. Howard F. Fehr, 
J. Dwight Daugherty, Dorothy DeWitt, 
Madeline Messner, Mary C. Rogers, Mollie 
R. Bruce. 


The Fall Meeting of the Connecticut Valle) 
Section of the Association of Teachers 


Mathematics in New England was held at the 


Hotel Bond in Hartford, 
Nov. 6, 1943. 


Conn. 


on Saturda; 
PROGRAM 


Morning Session 


10:45 Mathematics and the Waves, Ensig: 
Margery S. Foster, W.V(S), USNR 
Naval Reserve Midshipmen’s School 
WR, Northampton, Mass. 


11:45 The V-12 Mathematics Program at Dart- 


mouth, Professor Bancroft H. Brown 
Dartmouth College. 
1:00 Luncheon 
Afternoon Session 
2:00 Business Meeting 
2:15 Quality Control in Industry, Professor 


C mB. W. 
Connecticut 
The Two Reports from Washington, Mr 


Sedgewick,. University « 


3:15 


Rolland R. Smith, Specialist in Mathe- 


matics, 
Mass. 


Public Schools, Springfield 


OFFICERS OF THE CONNECTICUT VALLEY 
SECTION 
Neal H. McCoy, President, Smith College. 
L. H. Somers, Vice-President, Avon School. 
George E. Frost, Secretary, Holyoke High 
School. 
Ethelyn M. Percival, Treasurer, Westfield High 
School. 
Maytscherl Walsh, 


Director, Bulkeley High 

School. 

Laura D. Sargent, Director, Ethel Walker 
School. 





The Women’s Mathematics Club of Chicag 
and Vicinity met on Saturday December 4, 1943, 
for luncheon at the Picadilly Tea Room. After 
lunch Dr. Louise Lange, of Wilson Junior Col- 
lege spoke on the topic ‘‘Under What Condi 
tions are Certain Fundamental Laws of Algebra 
Void?” 

The hostesses for this meeting were Misses 
Agnes MeNeish of Tilden Technical, Bess Dady 
of Waukegan High, Gladys Gilliland of Lyons 
Township High, Sieciee and Ellen Gonnelly 
of South Shore High.— W1n1IFRED MBEap. 


OFFICERS 


President—Dorothy H. Littleton Crane Tech- 
nical High School, Chicago, IIl. 
Vice-President—Florence Young, 

High School Chicago, IIl. 
Secretary—Marie Graff, 
School, Chicago, Ill. 
Treasurer— Marion Eckel, Kelly High School, 
Chicago, Ill. 


Steinmetz 


Englewood High 
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NEWS NOTES 


COMMITTEE CHAIRMEN 


Program—Virginia Terhune, Proviso Township 
High School, Maywood, III. 

Hospitality—Lenore Dolejs, Amundsen High 
School, Chicago, III. 

Publicity—Winifred Mead, 
High School, Chicago, III. 

Membership—Janette Spaulding, Bloom Town- 
ship High School, Chicago Heights, III. 


Lane Technical 


EXHIBIT COMMITTEE MEMBERS 


Dr. Ruth M. Ballard, Clara Haertel, Bernice 
Von Horn, Neva Anderson 


The Men’s Mathematics Club of Chicago 


’ andthe Metropolitan Area held its second meet- 


ing on Friday November 19, 1943 in the Central 
y.M.C.A. Mr. Joseph E. Dickman, Director of 
Science and Visual Instruction of The Chicago 
Public Schools spoke on ‘‘Visual Aids in Mathe- 
matics’ and Mr. Hans Gutekunst of the J. 
Sterling Morton High School spoke on ‘‘Mathe- 
maties of Radio in the Army Air Forces.” 


OFFICERS 1943-1944 


M. D. O6cestreichler, President, Francis W. 
Parker School, Chicago, Ill. 
Glenn F. Hewitt, Secretary-Treasurer, Von 


Steuben High School, Chicago, III. 
W. W. Barezewski, Recording Secretary, Wau- 
kegan Township High School, Waukegan, III. 


PROGRAM COMMITTEE 


H. C. Torreyson, Chairman, Lane Technical 
High School 

W. H. Kurzin, Herzl Junior College 

David Rappaport, Lane Technical High School 

C. M. Austin, Historian, Oak Park High School 


EXHIBIT COMMITTEE 


Glenn L. Anderberg, Chairman, Waukegan 


Township High School 


| John P. Esposito, Crane High School 


Hobert Sistler, Morton High School 


The Mathematics Club of Greater Cincin- 
nati is sponsoring a regional meeting of The 


National Council of Teachers of Mathematics at 
the Hotel Sinton in Cincinnati on March the 
eighteenth. The meeting will open with a 
“Brunch” at eleven o’clock and will feature an 
exhibit and talks followed by round-table dis- 
cussion on elementary, secondary and shop 
mathematics in the postwar world. Members of 
the Council in the region of Cincinnati, and all 
teachers and friends of Mathematics are urged 
to attend.—Mrs. CarmMILLE Ho.iey Rusu, 
President of the Mathematics Club of Greater 
Cincinnati. 


SPRING MEETING OF THE NEW 
ASSOCIATION 


JERSEY 


The Association of Mathematics Teachers of 
New Jersey will hold its seventy-ninth regular 
meeting at the Essex House in Newark, New 
Jersey on Saturday, April 29, 1944. An all-day 
convention has been arranged and the following 
program set up: 

General Topic 
Mathematics for Wartime and for Peacetime 


Morning Session 
10:30—12:30 
Panel Discussion 
Theme—The Mathematics of our Secondary 
Schools 
Presiding—Dr. David R. Davis, President of 
Association of Mathematics Teachers of 
New Jersey 
Speakers—Dr. Amanda Loughren, Supervisor of 
Mathematics, Elizabeth, N. J. 
J. Dwight Daugherty—Chairman of Mathe- 
matics, Eastside High School, Paterson, 
N. J. 
Dr. Carl N. Shuster—Professor of Mathe- 
matics, State Teachers College, Trenton 
John W. Colliton—Mathematies Instructor, 
Rutgers University, New Brunswick, N. J. 
President’s Annual Report 
Annual Business Meeting 


Luncheon 
Time: 1:00 p.m. 
Presiding—Dr. David R. Davis 
Guest Speaker—Dr. William Betz, Specialist in 
Mathematics, Rochester, N. Y. 
Topic—Whither Mathematics? 
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Introductory Artillery Mathematics and Antt- 
aircraft Mathematics. By Sophia H. Levy. 
University of California Press, Berkeley and 
Los Angeles, 1943, 100 pages. 

This book is an outgrowth of the author’s 
experience in teaching classes composed of men 
of the Fourth Antiaircraft Command, 10I1st 
Coast Artillery Brigade (AA), preparing for 
officer candidate schools in the antiaircraft 
service. The material was first prepared in 
mimeographed form and was used in classes 
totalling approximately fifteen hundred men of 
whom about one thousand were taught by the 
author herself. The results were so outstandingly 
good, and the subsequent history of the stu- 
dents so completely justified the selection of 
material, that publication was urged. The au- 
thor has brought to this work a strong interest 
in engineering and other applications of mathe- 
matics as well as wide experience in the prepara- 
tion of teachers of mathematics. As Associate 
Professor of Mathematics at the University of 
California she has not only taught mathematics 
to engineering students for a number of years, 
but she has, among other activities, directed 
astronomical research in which expeditious 
methods of computation are of prime im- 
portance. 

The solution of the trial shot problem is the 
chief objective of the course taken by these 
antiaircraft men. No one contends that this is 
the sole problem met in the antiaircraft service. 
But for men whose mathematical background is 
far from extensive and whose time is necessarily 
restricted, good teaching demands the selection 
of some one problem of major importance and 
concentration on it. Professor Levy has done 
this. The book provides a discussion and de- 
velopment of the algebra, geometry, and trigo- 
nometry needed for the solution of the trial shot 
and closely allied problems. Unnecessary topics 
have been most carefully excluded. Material has 
not only been admirably selected, but it has 
been logically developed in a clear, concise, and 
vigorous style. The first chapter covers this 
ground in twenty-seven pages, so the treatment 
is brief. At the same time the development gives 
the reader understanding as well as results. The 
goal of the author and of the course for which 
the book was written is never lost sight of. 
Every topic is introduced because of its par- 
ticularly usefulness to the student in the work 
to follow. 

“Part I, Algebra, Geometry, Trigonometry, 
Coordinates in Two Dimensions,” is the first 
chapter. In it, among other things, will be found 
concise derivations of the laws of sines and 


cosines for the solution of triangles. It is to be 
particularly noted that the ‘ambiguous case 
of oblique triangles (given two sides and th 
angle opposite one of them) is included. This 
case is of first importance in the trial shot prob. 
lem. Also, angles are appropriately measured jy 
mils in all illustrative examples, and an excellent 
discussion of the mil system of measurement is 
provided. This discussion is superior to that 
found in trigonometry textbooks. The radian is 
introduced for a specific purpose, namely t 
provide the necessary background for an ap- 
proximation to the lateral deviation in th 
horizontal plane. 

“Part II, Coordinates in Three Dimensions 
(Terrestrial and Celestial), Determination 
True North” gives necessary information 
brief but understandable terms. Visualization is 
assisted by figures of generous size. 

“Part III, Logarithmic Seales, Slide Rules 
Including the Crichlow Slide Rule, and Solu- 
tions of Triangles Using Slide Rules and Using 
Logarithms” explains the items mentioned ir 
the title and includes appropriate illustrative 
material. The student can make use of the seven: 
inch celluloid logarithmic scales provided in the 
back cover of the book to follow the explanatior 
These scales form a working slide rule which the 
student can use to solve problems if a Crichlow 
Slide Rule is not available. Examples are fully 
worked out in the text, solutions being give! 
both by logarithms and by the Crichlow Slide 
Rule. 

“Part IV, Motion of a Projectile, The Tria 
Shot Problem, Lateral Deviations in Slant and 
Horizontal Planes’’ speaks briefly of the flight 
of a projectile, no derivation of the equations of 
motion being given. The author states that it 
“thas been included in the hope that it may prove 
interesting to some readers.” Since the ‘‘trial 
shot” involves a projectile, it is certainly well 
to call attention to some of the characteristics 
of a moving projectile in this way. 

“Part V, Solutions of Triangles of the Trial 
Shot Problem Using Slide Rules and Using 
Logarithms” provides fully worked examples 
with a very useful computing form. 

“Part VI, Graphical Solutions of the Trial 
Shot Problem’ forms a chapter of considerable 
interest. It gives geometric constructions b) 
which the problems concerned could be solved. 

The seventh chapter is a “Summary of Di- 
rections for Solutions of Triangles and the Trial 
Shot Problem.” This draws together the subject 
matter of the preceding chapters in a detailed 
set of directions for solving the trial shot prob- 
lem. 
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BOOK REVIEWS 


Pages 76 to 98 contain various tables and 
formulas for reference such as mils to degrees 
and radians, degrees to mils, four place loga- 
rithms of numbers and four place logarithms of 
trigonometric functions for angles measured in 
mils. 

This book has been very favorably received 
by military personnel, both by the men who 
have studied it as a text and by their training 
officers as well as others. It should be of great 
value to the high school or college instructor 
who wishes to introduce significant applications 
into his courses. It can be read with profit by 
every mathematics teacher. The University of 
California Press is to be complimented not only 
for the pleasing format of the book, but for 
making available a book which both in plan and 
execution is a model of its kind. 

H. M. Bacon 


Essential Mathematics. By W. D. Reeve. The 
Odyssey Press, New York. 1943. Price $1.32 
postpaid. 


This is a combined text and workbook. 
While it was made to meet the deficiencies 
which the present emergency has shown exist 
in the knowledge that pupils have of essentials 
in mathematics, its subject matter is also im- 
portant for peace time. 

The topics treated include the fundamental 
arithmetical skills, informal geometry, simple 
algebra, scale drawing, and trigonometry. These 
topics are presented in an interesting way and 
are enriched with many valuable applications 
which show the uses of mathematics in a great 
many practical fields. 

The book may be used as a workbook or it 
may be used as an ordinary text. Its content 
covers the suggestions of the U. 8S. Office of 
Education report on ‘‘Preinduction Courses in 
Mathematics’”’ as well as the War Department 
Report on ‘Essential Mathematics for Mini- 
mum Army Needs.”’ 

V. 8S. MALiory 


First Year Algebra. By Raleigh Schorling and 
Rolland R. Smith, with the cooperation of 


John R. Clark. World Book Company. 
Younkers-on-Hudson, 1943. xiv+466 pp. 


For those who wish to teach algebra in the 
ninth grade this new book constitutes an ade- 
quate quantity of teaching and drill material for 
a year’s work. Written by a group of experienced 
teachers and well known authors who have spent 
many years in the classroom, it reflects the 
change in emphasis upon certain topics and the 
addition of new material in line with possible 
needs in our armed forces. 

Emphasis is placed upon meanings with 
sufficient consideration for mastery of important 
skill operations. This should help those who 
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study the work to acquire a good foundation for 
further work in algebra, science or certain special 
courses like aviation, radio, electricity and the 
like where a knowledge of algebra is basic. 
The book is simply and clearly written and 
attractively printed. 
W. D: &. 


Liberal Education. By Mark Van Doren. Henry 
Holt and Co., New York, 1943. Price, $2.50. 


This is a book of interest to all who are inter- 
ested in liberal education whether they be those 
who are already supposed to have received a 
liberal education, their sons and daughters who 
presumably will wish to be recipients of such an 
education after the war, or any others who be- 
lieve that the so-called liberal college constitutes 
the best type of education for a large part of our 
youth. 

It is quite a problem to decide just what par- 
ticular college may be best fitted to educate its 
students most fully. Here Mr. Van Doren takes 
a stand and offers St. John’s College as his 
choice. Whether one agrees with him or not, the 
book is sure to stimulate one to think further 
about the important matter of the place and 
importance of a liberal education. 


Mathematics for Victory. By Virgil S. Mallory. 
Benj. H. Sanborn & Company, Chicago, 
1943. vii+430 pp. Price, $1.68. 


This new book is a regular textbook which 
the author prepared to meet the emergency de- 
mands for special work in the fundamentals of 
mathematics. The topics chosen were selected 
because of their basic value to those who might 
enter the armed services. However, these same 
topics are as basic to an understanding of the 
fundamental ideas of mathematics which are 
needed by girls who replace men in industrial 
positions. 

The author wrote this book after a study of 
army needs in elementary mathematics as given 
in the report of whicf he was chairman and 
which appeared in THE MATHEMATICS TEACHER 
for October 1943. The book carefully follows this 
report in providing practical work in mathe- 
matics both for the suggested one-year course 
and the special one-semester course. It will no 
doubt be used in high schools for those who have 
had no secondary school mathematics or at best 
only a general course, or for pupils who have had 
sequential mathematics, but who need a careful 
review. The book is well written and is sure to 
have a value to those teachers who use it. It 
contains the essential elements necessary for the 
purposes outlined in the report referred to 
above, especially in arithmetic, algebra, in- 
formal geometry and numerical trigonometry. 

W. D. R. 











McGRAW-HILL BOOKS 


for 


WARTIME MATHEMATICS 


Kells, Kern, Bland and Orleans’ 


ELEMENTS OF TRIGONOMETRY, 
PLANE AND SPHERICAL, WITH 
APPLICATIONS 


Simplified treatment of plane and spheri- 


cal trigonometry for secondary school stu- 


dents. $1.80 


Cooke and Orleans’ 


MATHEMATICS ESSENTIAL TO 
ELECTRICITY AND RADIO 


Essentials of secondary school m - 
matics for electricity and radio. Theory 


and applications. $2.40 
Naidich’s 


MATHEMATICS OF FLIGHT 


Topics in algebra, geometry, and trig- 
onometry needed for pre-flight training. 


Principles of aerodynamics. $2.20 


y 


U. S. Navy’s 


MATHEMATICS FOR PILOTS 


The arithmetic, algebra and geometry 
that every pilot needs. Many problems 
from navigation and principles of flying. 


$0.75 


Greitzer’s 


ELEMENTARY TOPOGRAPHY 
AND MAP READING 


Problems of map making, applications of 
mathematics to map reading, elements of 


topographic mapping, etc. $1.60 


Hanson’s 


MILITARY APPLICATIONS OF 
MATHEMATICS 


Problems in all branches of the Armed 


Forces, which can be solved by high school 


mathematics. $2.40 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 West 42nd Street 


New York 18, N.Y. 
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